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THE  RETIREMENT  OF  DR.  HENRY  WOODWARD. 
(WITH  A  PORTRAIT,  PLATE  I.) 

THE  retirement  of  its  Editor  from  official  life,  after  a  period  of 
more  than  43  jears  spent  in  the  puhlio  servioe,  is  an  event  which 
ahonld  not  be  passed  over  in  silence  in  this  Magazine.  And  during 
his  absence  from  England  the  opportunity  may  be  taken  to  remind 
both  its  geological  and  zoological  readers  (no  one  at  the  present 
day,  we  presume,  desires  to  be  called  a  palsdontologist)  how  deeply 
they  are  indebted  to  Dr.  Woodward  for  conducting  the  Obolooioal 
Magazins  for  the  long  period  it  has  been  under  his  charge  as  Editor- 
in-chief.  For  those  who  have  no  regular  official  duties,  which  must 
take  precedence  of  all  else,  the  task  of  editing  a  monthly  scientific 
journal,  and  supplying,  when  necessary,  *  copy  '  from  their  own  pens 
to  fill  gaps,  is  no  light  one ;  but  it  is  one  that  can  be  described  by 
no  other  word  than  irksome  when  it  has  to  be  performed  while 
funning  in  official  harness.  Nevertheless,  since  1865  the  Editor  has 
oonscientiously  carried  on  this  labour  from  month  to  month  and 
from  year  to  year  without  complaint — and  to  the  satisfaction,  we 
believe,  of  all  his  numerous  readers.  Punctually  at  the  commence- 
ment of  each  month  the  Geological  Magazine  makes  its  appearance; 
and  we  trust  that  it  may  long  continue  to  do  so  under  the  same  able 
editorship. 

After  its  *  coming  of  age '  in  1885,  full  reference  was  made  in  its 
pages  to  the  Editor's  connection  with  this  journal.'  And  it  will  be 
unnecessary,  therefore,  on  this  occasion  to  repeat  the  eulogium  then 
passed  by  Professor  Bonney,  except  to  add  that  since  that  date  more 
than  fifteen  extra  years  of  editorial  work  have  been  accomplished. 
If,  as  Dr.  Bonney  said,  geologists  and  zoologists  were  at  that  time 
under  a  heavy  load  of  debt  to  Dr.  Woodward,  their  obligations  must 
now  be  enormously  increased. 

As  some  indication  of  the  amount  of  work,  apart  from  editing  this 
journal,  that  has  been  accomplished  by  Dr.  Woodward,  it  may  be 
mentioned  that  up  to  the  year  1897  the  list  of  his  more  important 
memoirs,  papers,  and  addresses  (a  few  written  in  conjunction  with 

*  Geol.  Mao.,  1886,  p.  45. 
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Professor  T.  B.  Jones)  totalled  264 ;  by  this  time  they  are  probably 
litUe,  if  at  all,  chort  of  300. 

But  siiK^e  on  this  oocasion  it  is  our  intention  to  dwell  on 
Dr.  Woodward's  conneotion  with  the  British  Museum,  rather  than 
with  his  g€iieral  work  and  his  editorship  of  this  Magazine,  we  may 
pass  on  to  our  main  subject. 

Dr.  Woodward  first  joined  the  staff  of  the  Museum  at  Bloomsbury 
in  1858.  The  following  year  he  was  promoted,  and  he  reoeived 
a  £tep  in  1865  and  again  in  1867.  In  June,  1880,  on  the  retirement 
of  Mr.  O.  B.  Waterhouse,  he  was  appointed  Keeper  of  the  Department 
of  Gkology ;  and  since  that  date,  with  his  Assistants,  he  has  achieved 
the  task  of  rearranging  the  entire  Geological  Collection  in  the  galleries 
of  the  Natural  History  Museum,  Cromwell  Boad,  where,  by  the  aid 
of  popular  and  well-illustrated  guidebooks,  diagrams,  and  descriptive 
labels,  the  scientific  student,  and  even  the  ordinary  visitor,  can  readily 
derive  instruction  from  the  objects  displayed  in  the  cases.  How 
much  hard  work  and  patience  are  required  for  a  task  of  this  nature, 
and  what  varied  kinds  of  knowledge  are  necessary  in  order  to  bring 
it  to  a  satisfactory  conclusion  (or,  rather,  to  keep  the  Museum  up  to 
date),  only  those  who  have  tried  it  can  judge. 

The  first  edition  of  the  Guidebook  to  the  Geological  Department 
was  issued  under  Dr.  Woodward's  superintendence  in  1881 ;  and 
since  that  date  each  new  edition  has  been  expanded  and  improved. 
The  Guidebook  is,  of  course,  for  the  benefit  of  the  general  public, 
who  have,  as  taxpayers,  the  first  claim  on  the  Museum.  But  the 
needs  of  scientific  workers  have  by  no  means  been  neglected,  and  to 
Dr.  Woodward  is  due  the  credit  of  having  initiated  in  the  Geological 
Department  the  issue  of  '  Catalogues '  like  those  which  previously 
proved  so  valuable  to  the  students  of  recent  zoology.  Since  1881 
a  large  number  of  these  Catalogues  have  appeared  under  his  super- 
vision ;  how  important  these  are  to  workers  in  the  life-history  of 
our  globe,  readers  of  the  Gbologioal  Magazine  do  not  require  to  be 
informed. 

It  may  be  added  that,  according  to  the  rules  of  the  Civil  Service, 
Dr.  Woodward's  time  of  service  expired  more  than  four  years  ago  ; 
but,  upon  the  recommendation  of  the  Trustees  of  the  Museun,  the 
Treasury  twice  sanctioned  an  extension  of  his  period  of  service.  We 
learn,  moreover,  that  they  have  approved  of  his  employment  for 
a  year  longer  on  special  work  connected  with  the  Museum.  We 
also  understand  that  at  their  meeting  on  November  28rd  the  Trustees 
passed  a  vote  of  thanks  to  Dr.  Woodward  on  his  retirement  from  the 
office  of  Keeper  for  the  great  services  he  had  rendered  during 
a  period  of  nearly  44  years  to  the  Geological  Department. 

Beaders  of  this  Magazine  will,  we  feel  sure,  join  in  wishing 
Dr.  Woodward  health  and  happiness  in  the  comparative  rest  he  has 
so  well  earned  ;  and  they  will  be  pleased  also  to  have  a  copy  of  his 
portrait,  which  we  have  the  privilege  of  inserting. 

B.  L. 
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I. — F088IL8  FBOM  THE  Hindu  Ehoosh. 

By  Lieut-Gen.   C.  A.  McMahon,  F.R.S.,  F.G.S.,   and  W.   H.   Hudlbston, 

M.A.,  F.R.S.,  F.L.S.,  F.G.S. 

Pabt  I. — Fossil  Beds  and  Associated  Books  at  Chitbal.    By 

General  MoMahon. 

THE  fossils  described  by  Mr.  Hudleston,  F.B.S.,  in  Part  II  of  this 
paper,  were  found  by  Captain  B.  E.  N.  Gurdon,  C.I.E.,  D.S.O., 
Assistant  Political  Agent,  Cbitral,  on  the  right  bank  of  the  Chitral 
river,  between  Chitral  and  Mastuj.  The  spot  where  they  were 
collected  is  indicated  by  a  small  cross  marked  on  the  accompanying 
sketch-map  (Fig.  1),  which  has  been  based  on  the  map  of  the 
Pamirs  compiled  under  the  direction  of  the  Bight  Hon.  G.  N. 
(now  Lord)  Curzon  to  illustrate  a  paper  by  him  published  in  the 
Journal  of  B.G.S.  of  1890.>  My  son,  Major  A.  H.  MoMahon,  C.S.L, 
C.I.E.,  F.G.S.,  in  company  with  Captain  Gurdon,  visited  Mastuj 
in  October,  1900.  He  indicates  the  strata  in  which  the  fossils  were 
found  as  follows : — 

<'  As  regards  the  fossils,  they  all  come  from  a  bed  of  limestone 
exposed  in  a  clifif  on  the  right  bank  of  the  Chitral  river,  immediaU^ 
opposite  Beshun.  Beshun  itself  is  on  the  left  bank  of  the  river, 
about  half-way  between  Mastuj  and  Chitral.  It  is,  by  the  way, 
the  place  where  Edwards  and  Fowler  made  their  brilliant  defence 
and  were  treacherously  taken  prisoners  in  1895. 

"This  year,  after  my  arrival  at  Chitral,  I  made  a  flying  tour  of 
treble  marches  and  more  a  day,  from  Chitral  to  near  Mastuj  and 
back,  and  give  you  the  result  of  such  geological  observations  as 
1  was  able  to  make.  From  Dir^  northwards,  I  use  the  names  given 
in  Curzon's  map. 

1.  '*  At  Malakand  itself  there  is  a  broad,  nearly  vertical  dyke, 
of  white  granite,  about  a  hundred  yards  wide,  which  runs  nearly 
E.N.E.-W.S.W.  Between  Ashreth  and  Mirkandi  there  is  a  great 
deal  of  granite.  Owing  to  the  vegetation  and  surface  soil  it  is  hard 
to  tell  the  direction  of  the  strike.  At  a  point  between  Ashreth  and 
Mirkandi  granite  disappears,  and  I  have  seen  no  more  traces  of  it 
m  8t/u  northwards  in  Chitral. 

2.  '*  Just  before  coming  to  Mirkandi  I  noticed  some  conglomerate, 
and  I  think  there  is  a  bed  of  it  here,  but  I  am  not  sure  owing  to 
vegetation  and  surface  soil.  I  have  marked  its  probable  line  of 
outcrop  on  the  accompanying  diagrammatical  sketch  (Fig.  2,  Bed  1). 

3.  "  Close  to  Mirkandi,  on  the  opposite  bank  of  the  river,  a  bed 
of  red  sandstone  rock  crops  out,  like  the  red  sandstone  near  Yasin, 
described  at  p.  358,  vol.  Ivi,  Q.J.G.S.  This  runs,  as  shown  in 
the  diagrammatic  sketch  (Fig.  2),  past  the  back  of  Kala  Drosh 
(Bee  Fig.  2,  Bed  2). 

^  Published  as  a  separate  map  by  Edward  Stanford,  Charing  Cross. 

^  Dir  is  about  nine  miles  south  oi  the  Lowari  Pass,  marked  on  8ketc\i-map,¥\g.  \. 
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4.  "  In  the  cliff  opponto  Qairat  is  exposed  a  bed  of  grey  limestoi 
whioh  looks  exaoU;  like  the  grey  limestone  from  the  Gilgit-KU 
and  Gilgit-Darkot  series.  This  bed  nms  in  a  clearly  defini 
direction,  as  shown  in  Fig.  2,  Bed  3.  Some  of  this  limestoi 
smelli  of  snlphnretted  hydrogen  when  Btmok  with  a  hammer. 


5.  "  Below  Reshun  a  bed  of  oonglomerate  crosses  the  river  ai 
runs  as  shown  in  the  diagrammatical  sketch  (Fig.  2,  Bed  t).  Tl 
conglomerate  is  very  tongh  and  is  traversed  by  numerous  wbii 
quartz  veins,  which  pass  through  the  matrix  and  pebbles,  withoi 
being  diverted  from  its  coursa  by  the  latter.  The  pebbles  an 
bonlders  in  the  conglomerate  are  subangnlar  to  rounded,  and  vat 
much  in  size  and  colour. 

6.  "  Just  below  Beshnn,  among  other  beds,  one  of  red  soDdstoi 
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rnns  parallel  to  the  conglomerate,  and  croBses  the  river,  as  shown 
in  Fig.  2  (fig.  2,  Bed  2).     It  is  similar  to  the  bed  alluded  to  above. 

7.  "Opposite  Beshun,  on  the  west  or  right  bank  of  the  river, 
a  bed  of  grey  limestone  is  exposed,  which  runs  pcu^lel  to  the 
conglomerate  and  red  sandstone.  The  fossils  found  by  Captain 
Gurdon  and  described  in  Part  II  of  this  paper  were  taken  from 
this  bed  of  limestone  opposite  Beshun. 

8.  ''You  will  see  that  there  are  two  sets  of  parallel  beds,  in 
ascending  order,  each  set  containing  a  conglomerate,  red  sandstone, 
and  limestone,  as  shown  roughly  in  Fig.  2.  I  am  inclined  to 
think  that  if  the  beds  were  followed  along  their  course  they  would 
be  found  to  constitute  one  and  the  same  series,  and  consequently 
that  there  are  not  two  separate  sets  of  parallel  beds.  Further, 
1  think  it  not  improbable  tiiat  this  group  of  parallel  beds  of  red 
sandstone  and  limestone  will  be  found  to  be  a  continuation  of  those 
noted  by  me  near  Yasin,  and  again  in  the  Hanza  Valley."  ' 
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In  these  views  I  quite  concur  with  my  son.  There  is  uo  evidence 
of  faulting,  whilst  bending  of  the  strata  in  the  direction  of  the  line 
of  strike  is  so  common  in  the  north-west  Himalayas,  that  this 
explanation  seems  to  be  all  that  is  required  to  account  for  the 
slight  divergence  in  the  direction  of  the  strike  shown  in  Fig.  2. 
The  discovery  near  Chitral  of  a  conglomerate  of  the  character 
detailed  above,  associated  with  a  sandstone  and  a  limestone,  is 
interesting  to  the  Himalayan  geologist,  and  it  may  lead  to  important 
results.  The  triune  band  described  above  recalls  the  Blaini  group 
of  the  Simla  area,  which  also  consists  of  a  peculiar  conglomerate, 
a  limestone,  and  a  quartzite ;  *  "a  band,"  in  the  words  of  Mr.  Medlicott, 

'  See  paper  on  Geology  of  GWgit,  Q.J.G.S.,  vol.  Ivi,  p.  3'o7. 
2  y^emcutt:  Memoirs  G.8.I.,  1866,  rol  iii,  p.  30. 
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their  disooverer,  *'  that  is  very  peculiar  and  oharaoteristic,  and  whicb 
oan  be  traoed  without  any  doubt  to  great  distanoes."  Mr.  MedlicotI 
adds :  ''This  band  promises  to  be  of  special  utility  in  identifying 
rooks  in  the  interior,  with  those  of  the  outer  parts  of  the  lowei 
Himalayan  region." 

The  principal  members  of  the  group  are  the  conglomerate  and 
the  limestone.  The  conglomerate  appears  below  the  limestone  ^  in 
the  Simla  area,  and  this  sequence  is  that  observed  in  the  Chitral  region 

Mr.  Medlicott,  in  his  description  of  the  typical  Blaini  arec^'  notes 
that  "  as  an  irregular  accompaniment  of  these  Blaini  beds  "  (namely, 
the  conglomerate  and  limestone)  "  I  must  mention  a  clear  coarse 
quartzite  :  at  two  or  three  points  in  the  lower  course  of  the  Blaini, 
this  bed  shows  apparently  over  the  limestone."  In  the  Blaini  rivei 
this  ''irregular  accompaniment"  "apparently"  occurs  above  the 
limestone,  but  in  the  Chitral  region  a  red  sandstone  appears  belcsv 
the  limestone.  The  Chitral  red  sandstone  therefore  cannot  be 
a  lateral  extension  of  the  particular  beds  seen  at  Simla ;  but  ai 
Chitral  is  about  450  miles  distant  as  the  bird  flies  from  the  Blaini 
river,  it  is  hardly  a  matter  of  surprise  that  the  local  conditione 
of  the  two  places  should  not  have  been  precisely  alike  during  the 
Blaini  age,  and  that  arenaceous  deposits  should  have  been  laid  down 
at  slightly  different  horizons  at  Chitral  and  Simla. 

The  red  sandstone  bed  of  Chitral,  which  is  associated  witb 
a  limestone,  has  been  detected  in  several  places  in  the  Gilgit  area, 
and  has  been  described  in  my  paper  on  that  region.'  As  the  red 
colour  of  this  bed  naturally  strikes  the  eye  of  an  observer,  the  bed 
may  prove  valuable  in  leading  to  the  identification  of  the  group 
of  which  it  is  a  member  in  adjoining  areas. 

My  son  did  not  detect  the  Blaini  conglomerate  in  the  Oilgit  area, 
but  as  his  attention  had  not  then  been  directed  to  this  rock,  he 
thinks  it  possible  that  it  may  hereafter  be  found  in  that  region. 
He  thought  at  the  time  that  the  conglomerates  he  came  across  were 
probably  of  glacial  origin.  It  may,  moreover,  be  a  work  of  con- 
siderable difficulty  to  detect  the  Blaini  conglomerate  in  the  Gilgit 
area,  if  it  occurs  there.  Oilgit  is  a  region  of  intense  metamorphism, 
and  the  conglomerate  may  there  be  metamorphosed  almost  out  of 
recognition.  Even  in  the  comparatively  unaltered  area  of  Dalhousie, 
the  conglomerate  has  become  schistose  and  foliated.^  Moreover,  the 
pebbles  imbedded  in  the  matrix  of  the  conglomerate  are  sometimes 
locally  very  sparse;  and  when  this  is  the  case,  the  difficulty  oi 
detecting  the  rock  in  a  highly  metamorphosed  area  would  be 
greatly  increased. 

My  son's  description  of  the  Chitral  conglomerate  corresponde 
with  the  appearance  of  the  Blaini  rock  in  many  places  in  the 
Simla  and  Dalhousie  districts.  The  pebbles  of  the  Chitral  con- 
glomerate are  more  or  less  rounded,  and  vary  much  in  size  and 

^  Medlicott :  Memoirs  G.S.I.,  1865,  vol.  iii»p.  30.    McMahon:  Records  G.S.I., 
1877,  Tol.  X,  p.  207.  '  Loc.  cit.,  p.  31. 

»  Q.J.G.S.,  Tol.  Ivi,  p.  358. 
<  McMahon  :  Becords  G.S.I.,  1881,  yoI.  xiv,  p.  306. 
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oolonr.  "  Many  of  tham,"  my  son  writea,  "  are  green,  like  the 
green  Bpeoimena  of  rocka  I  sent  from  the  Gilgit  distriot."  la  my 
MWoant  of  the  Blaiui  conglomerate  at  Dalhouaie'  I  note  that 
the  white  pebbles  in  the  matrix  are  of  vanoDS  sizes  up  to 
nine  iDohes  in  diameter  The  rock  also  contams  grey  and  bine 
qoartzite  and  quartzite  sandstone  pebbles  subangular  to  rounded 
which  weather  various  ooloura.  The  matrix  of  the  Dalhousie 
oonglomerate  is  a  hard  slaty  sohistose  rock  whilst  my  son  notes 
that  the  Cbitral  rock  is  too  tough  and  hard  to  break  with  a  hammer 
He  also  mentions  that  the  matrix  of  the  Chitral  rook  has  an  igneous 
tppsarance  which  has  its  counterpart  in  the  Blaini  rook  as  seen 
in  eastern  Sirmnr  where  the  matrix  of  the  conglomerate  resembles 
t  Tolcanio  ash  and  the  whole  rook  a  volcanio  brecoia 


The  circumstance  noted  above  thit  the  Cliitral  co nj, lorn e rate  is 
tTBTersed  by  quarta  veins  which  penetrate  the  matrix  and  pebbles 
indifferently  is  one  that  I  have  often  oltsurved  in  the  bimU  area 
I  have  wilbin  the  last  few  days  received  from  Captain  Gurion 
large  specimens  of  the  Chitral  conglomerate  which  were  obtained 
by  blasting  the  rock.     {Fig.  3.) 

The  specimens  contain  very  numerous  pebbles,  varying  greatly 
in  size  up  to  3^  inches  in  length ;  ihey  are  mainly  subaugular, 
bnt  many  are  rounded  and  a  few  are  angular.  The  matrix  is  an 
indurated,  fine-grained,  slaty  grit,  or  arenaceous  raudstone.  The 
pebbles  consist  of  limestones,  slates,  sandstones,  and  quartzitcs, 
and  there  are  some  rounded  white  quartz  pebbles,  which  recall 
the  'eggs'  of  the  Simla  rock,  but  are  much  smaller.  The  whole 
rock  is  deeply  impregnated  with  carbonate  of  lime,  probably  due 
to  infiltration  from  the  adjacent  limestone. 

The  Blaini  group  bas  a  remarkably  wide  extension.  It  has  been 
traced  to  Mussoori,'  and  a  conglomerate  resembling  it  has  been 
observed  as  far  east  as  Manipur.'  In  its  westward  extension 
I  followed  it  through  a  large  part  of  the  Chamba  State,'  and  it 


'  Kecorda  G.S.I.,  rot.  ,xir,  p.  SOo;  vol.  a 
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was  traoed  by  Dr.  Hutchison  throogh  north-east  Ghamba  into 
Lahoul.^  The  ocourrenoe  of  the  conglomerate  has  been  noticed  by 
Mr.  Lydekker,  F.B.S.,  in  numeroas  places  in  Kashmir.'  There 
is  no  primd  fade  improbability,  therefore,  that  representatives  of 
the  Blaini  series  should  occur  in  Ghitral  and  Gilgit.  Should  sub- 
sequent observations  confirm  my  suggestion  that  the  Chitral  band 
of  conglomerate,  red  sandstone,  and  limestone  represents  the  Blaini 
series,  the  fact  will  be  of  great  importance.  The  conglomerate  and 
red  sandstone  are  striking  rocks,  capable  of  easy  recognition,  and 
will  a£ford  a  definite  geological  horizon  in  adjacent  areas,  where 
intense  metamorphism  has  obliterated  fossil  evidence. 

The  Blaini  beds,  which  in  the  Simla  district  are  unfossiliferons, 
were  originally  regarded  as  of  Upper  Silurian  age '  at  the  suggestion 
of  Dr.  Stoliczka,  who  regarded  the  Muth  beds^  of  Spiti  as  the 
equivalents  of  the  Blaini  series  of  Simla.  Subsequently  the  Blaini 
conglomerate  was  supposed  to  represent  the  Salt  Bange  conglomerate 
and  the  Talchia  boulder  bed,  and  was  considered  to  be  of  Carboniferous 
or  Permian  age.^ 

The  age  of  the  Chitral  limestone  has  now  been  determined  by 
Mr.  Hudleston,  on  the  evidence  of  well-preserved  fossils ;  and 
it  remains  to  future  observers  in  the  field  to  work  out  the 
important  question,  whether  or  not  the  Chitral  band  of  conglomerate, 
red  sandstone,  and  limestone  truly  represents  the  Blaini  group 
of  the  Simla  area.  If  it  does,  as  I  suggest,  Mr.  Hudleston's 
investigations  will  have  the  important  result,  not  only  of  determining 
the  age  of  the  Chitral  beds,  but  of  supplying  an  easily  recognizable 
horizon  for  the  elucidation  of  a  widespread  area  in  the  north-west 
Himalayas. 

The  Chitral  region,  I  remark  in  conclusion,  is  one  of  the  most 
difficult  in  the  world  for  detailed  geologiccd  exploration.  The  frontier 
tribes  are  not  to  be  trusted;  the  mountains  are  very  lofty;  the 
gorges  deep  and  narrow,  and  profound  precipices  are  of  frequent 
occurrence. 

n. — MOBAINKS   AND   MuD-STBSAJtfS   IN   THS   AlPS. 
By  Canon  T.  G.  Boxney,  D.Sc,  LL.D.,  F.R.S. 

IT  has  often  occurred  to  me  during  my  Alpine  wanderings  that 
masses  of  earthy  material  containing  boulders  are  too  readily 
identified  as  moraines.  That  the  latter  exist,  both  here  and  in  other 
mountain  regions,  no  one  would  for  a  moment  dispute,  but  deposits, 
sometimes  very  closely  resembling  till,  may  be  produced  in  other 
ways.  One  is  by  a  bergfall.  The  result  of  this  in  some  cases,  as  at 
Goldau,  Plurs,  near  San  Vito  (Ampezzo  road),  or  the  Col  de  Cheville, 
can  be  easily  recognized ;  but  when  the  fallen  material  consists  largely 

^  Loc.  cit.,  vol.  xviii,  p.  90. 

2  Memoirs  G.S.I.,  vol.  xxii ;  Records  G.S.I. ,  vols,  ix,  xi-xv. 

3  Oldham:  "Man.  Geol.  India,  2nd  ed.,  p.  137.     Records G.S. I.,  vol.  xiv,  p.  307. 
^  A  red  quartz  conglomerate  is  a  prominent  member  of  the  Muth  scries.     Memoirs 

G.S.I.,  vol.  v,  p.  22. 
^  Man.  Geol.  India,  p.  137  ;  Memoirs  G.S.I. ,  vol.  xxiii,  p.  54. 
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of  shale  and  friable  rook,  when  there  is  a  oertain  admixture  of  boulders 
from  a  distance  (formerly  perched  blocks),  its  origin  is  not  so  readily 
determined.  The  enormous  mass  of  debris  on  the  north  bank  of  the 
Rheinthal,  between  Ghur  and  Ilanz — a  mass  which  extends  from 
Diggy  through  Flims,  to  rather  beyond  Laax,  consisting  of  earthy 
stuff,  probably  mainly  smashed  shale  or  slate,  and  of  boulders, 
apparently  limestone — is  regarded  as  bergfall  by  the  Swiss  geologista. 
And  yet  any  section  in  it  might  readily  be  taken  for  moraine.  Even 
more  moraine-like  in  general  aspect  are  the  singular  mounds  of  debris 
in  the  valley  of  the  Bhone  near  Sierre.  These  consist  of  a  clayey 
material  full  of  small  rock  fragments,  angular  and  subangular, 
which  are  generally  less  than  an  inch  in  diameter,  and  seldom 
exceed  four  or  five  inches,  though  now  and  then  a  large  boulder 
occurs.  Of  these  fragments  the  majority  are  dark  limestone,  some- 
times slaty ;  a  small  proportion,  generally  more  water- worn,  being 
gneiss  or  schist  These  mounds  are  regarded  as  the  relics  of 
a  great  bergfall,  but  were  it  not  for  the  paucity  of  crystalline 
rock,  especially  among  the  boulders,. they  might  well  be  passed  as 
moraines,  for  their  relation  to  the  slope  down  which  the  material 
has  descended  is  not  obvious  at  a  glance. 

The  debris  deposited  by  flooded  torrents  often  closely  resembles 
moraine.  I  may  quote  a  few  instances  from  my  own  experience. 
At  Zinal  in  July,  1895,  we  heard,  late  one  evening,  an  extraordinary 
roaring  noise,  which  proved  to  be  caused  by  the  descent  of  a  mass 
of  grit  and  boulders  mingled  with  water,  which  had  issued  from 
a  glen  on  the  eastern  flank  of  the  valley.*  This  formed  a  great  fan 
of  debris  (not  very  unlike  moraine,  except  perhaps  subangular 
fragments  were  commoner),  which  had  flowed  down  to  the  river. 
I  once  actually  watched  a  similar  occurrence,  the  result  of  a  violent 
rainstorm,  at  Les  Ouches,  near  Chamonix.  Thousands  of  cubic  feet 
of  black  liquid  mud  and  broken  shale  or  slate  came  sweeping 
down  a  gully  and  buried  the  high  road  for  some  distance.  I  passed 
over  another  discharge  of  flood  debris  in  the  Zillerthal  a  few  days 
after  it  had  descended.  Here  the  valley  was  rather  broad,  the 
carriage-road  running  along  it  near  the  lowest  part.  The  discharge, 
which  had  been  caused  by  a  local  'cloud-burst,'  had  come  from  the 
mountain  slopes  on  the  left  bank  and  had  followed  the  path  of  two 
small  streams.  The  first  had  afiected  the  larger  area,  having  buried 
everything — road,  gardens,  fields,  thickets — under  a  mass  of  dubris, 
a  mixture  of  mud  and  rock  fragments,  small  and  large.  There 
were  hundreds,  nay,  thousands  of  blocks,  in  shape  and  size  like 
portmanteaux.  A  wooden  chalet  had  been  torn  up  and  swept  along 
like  an  empty  packing-case  for  about  200  yards.  Here,  though  no 
doubt  could  arise  as  to  the  nature  of  the  deposit,  the  material  itself 
was  not  very  unlike  a  moraine  of  the  lowlands.  Again,  the  road 
and  the  railway  in  the  Khone  Valley  near  Monthey  cut  through 
an  enormous  mass  of  material,  which  might  easily  be  taken  for 
moraine,  as  it  is  a  mixture  of  mud  and  rock  fragments  of  various 

*  I  was  informed  that  the  stream,  some  two  or  three  thousand  feet  above  Z\\\s\, 
had  been  dammed  by  a  shght  landslip  till  the  poiiJed-back  water  burst  t\\c  bamei. 
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size,  some  being  nearly  a  hundred  cubic  yards  in  volame.  This, 
which  descended  in  August,  1835,^  after  unusually  heavy  rains, 
appears  to  have  been  started  by  the  fall  of  a  large  mass  from  the 
crags  of  the  Dent  du  Midi,  which  was  augmented  on  its  course  by 
snow  and  rock  d6bris,  and  rendered  more  liquid  by  swollen  torrents, 
till  it  descended  to  the  Bhone  like  a  stream  of  lava.  These  instances 
may  suffice,  though  it  would  be  easy  to  add  to  their  number.' 

Mud  avalanches  and  fans  of  debris  are  on  a  grander  scale  in 
the  mountains  of  Hindustan.  Sir  Martin  Conway  mentions  them 
in  his  well-known  book  ''  Climbing  in  the  Himalayas."  For 
instance  (p.  127),  the  valley  of  the  Indus  near  Bunji  is  broad  and 
flat-bottomed;  on  the  western  side  ''is  a  mighty  wall  of  rock,  on 
the  eastern  it  is  bordered  by  steep  slopes."  The  slopes  and  the 
wall,  he  thinks,  cannot  meet  at  a  less  depth  than  500  feet  below 
the  bed  of  the  valley,  and  not  improbably  at  one  much  greater. 
"  By  what  processes  were  these  vast  debris  accumulations  brought 
together  ?  The  problem  is  of  general  interest,  for  the  Bunji  valley 
may  be  regarded  as  typical  of  Central  Asian  valleys  generally,  and 
what  is  true  of  it  is  true  also  of  the  Pamir  valleys  and  of  those  in  the 

regions  of  Western  Tibet  and  Eastern  Turkestan It  is 

clear  that  the  valleys  have  not  been  filled  by  the  agency  of  bursting 
lakes.     The  gentle  dip  of  the  bedding  of  the  debris  towards  the 

river  proves  that  the  stufif  came  from  the  side  slopes 

The  question  arises,  How  was  such  a  quantity  formed  and  caused 
to  descend  ?  Here  the  reader  must  bear  in  mind  the  nature  of  the 
dimate  in  the  regions  under  consideration ;  it  possesses  two  main 
qualities,  extraordinary  dryness  and  extreme  and  rapid  variation  of 
temperature.  The  rainfall  is  trifling  over  the  whole  area,  except 
where  the  mountains  reach  great  altitudes,  and  there  snow  is  pre- 
cipitated in  considerable  quantity Throughout  all  the 

region  there  is  constantly  being  provided  a  mass  of  loosened  debris 
such  as  is  never  found  in  the  better  known  mountains  of  Europe." 
The  low  slope  of  this  valley  deposit,  sometimes  barely  3^,  and  the 
large  area  covered,  he  goes  on  to  say,  prevent  us  from  referring  it 
to  ordinary  bergfall,  and  makes  '  mud  avalanches '  the  only  possible 
explanation.  These  have  been  seen  actually  descending  by  various 
travellers — Colonel  Godwin-Austen,  Sir  William  Lockhart,  Dr.  and 
Mrs.  Bullock  Workman ;  indeed,  the  last  named  had  a  rather  narrow 
escape  from  one.'  Sir  Martin  Conway  himself  saw  two  come  down 
a  gully  near  the  Hispar  glacier,  one  just  before,  the  other  just  after 
his  party  crossed  it.*  "  It  was  a  horrid  sight.  The  weight  of  the 
mud  rolled  masses  of  rock  down  the  gully,  turning  them  over  and 
over  like  so  many  pebbles,  and  they  dammed  back  the  muddy 
torrent  and  kept  it  moving  slowly  but  with  accumulating  volume. 
Each  of  the  big  rocks  that  formed  the  vanguard  of  this  avalanche 

*  A  summary  of  the  facts  will  be  found  in  Joanne,  "  Itineraire  do  la  Suisse,'* 
Boute  26  (between  St.  Maurice  and  E'vionnaz). 

'  See  alio  Dr.  A.  Irving,  Quart.  Journ.  Geol.  Soc,  vol.  xliv  (1888),  p.  168. 
'  *'  In  the  Ice  World  of  Himalaya,*'  p.  156. 

*  "  Climbing  in  the  Himalayas,**  p.  323. 
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weighed  many  tons ;  the  largest  were  aboat  ten-foot  cubes.  The 
stuff  that  followed  them  filled  the  nala  to  a  width  of  about  forty 
and  a  depth  of  about  fifteen  feet    The  thing  moved  down  at  a  rate 

of  perhaps  seven  miles  an  hour Looking  up  the  nalay 

we  saw  the  sides  of  it  constantly  falling  in  and  their  ruins  carried 
down."  Finally,  the  material  spread  out  as  a  fan  on  the  bed  of  the 
valley  below.^  Earth  pillars,  he  observes,  are  frequently  seen  to  be 
carved  from  the  older  masses. 

Thus  it  is  evident  that  under  certain  circumstances  deposits,  which 
may  be  termed  mud  avalanches,  do  not  a  little  towards  filh'ng  up  the 
valleys  in  mountain  countries.  Such  deposits  are,  I  believe,  more 
common  in  the  Alps  than  is  sometimes  supposed.  In  my  diary  for 
1893  I  made  this  note  on  the  valley  between  Hinterrhein  and 
Splugen  : — "  A  marked  feature  is  the  quantity  of  debris  brought 
down  by  the  lateral  torrents,  formiug  alluvial  faus  cut  through 
by  the  main  river.  The  stuff  is  often  like  moraine,  but  the  stones 
(ranging  from  sub-rotund  to  angular)  are  more  rouuded,  and  there  is 
a  considerable  quantity  of  earthy  matter,  often  more  than  the  stones. 
The  deposit  exhibits  a  slight  stratification,  and  reminded  me  at 
times  of  the  esker  material  which  I  had  seen  near  Parsonstown."' 
It  is  clear  that  under  certain  circumstances  this  method  of  accumu- 
lation of  debris  in  valleys  is  most  important,  and,  where  not  closely 
studied,  might  be  mistaken  for  till.  Below  Andeer,  where  the  valley 
again  opens  out,  great  fans  of  debris  are  seen  on  the  left  bank, 
similar  to  those  described  above,  exhibiting  in  places  fairly  marked 
stratification.  The  river  has  exposed  a  fine  section  of  one  on  that 
bank,  the  cliff  being  perhaps  fifty  feet  high,  and  on  the  opposite 
side,  where  the  valley  is  contracting,  is  another.  As  the  drift  can 
be  traced  down  to  the  level  of  the  river,  the  valley  must  have  been 
excavated  to  its  present  level  before  these  fans  were  deposited. 
But  it  is  often  extremely  difficult,  when  only  an  isolated  section 
can  be  obtained,  to  say  whether  this  is  in  a  mud  avalanche  or 
a  true  moraine.^ 

From  these  I  pass  to  deposits  which  have  been  often  claimed 
as  moraines,  such  as  that  from  which  the  earth  pillars  at  Useigne, 
in  the  Eringerthal,  have  been  sculptured.  Very  near  to  these  the 
main  valley  is  joined  by  the  Val  d'Heremence.  The  deposit, 
a  kind  of  till  in  which  large  boulders  are  not  very  numerous, 
extends  some  distance  into  the  latter  and  for  more  than  two  miles 
up  the  former,  occurring  first  mainly  on  the  left  bank,  then  on  the 
right*      Good  sections  may  be  frequently  seen.      In  one  case,  on 

*  See  also  "  Tlie  Making  of  a  Frontier,"  by  Colonfl  A.  Durand,  pp.  33,  34.  (As 
I  have  explained  in  a  paper  now  in  the  hauck  of  the  Goolop^ical  Society,  I  think 
Sir  M.  Conway's  description  include^s  with  the  mud  avalanches  a  breccia  which  has 
a  rather  different  histor}.) 

2  I  had  examine<l  this  during  the  previous  Summer  (1892). 

'  In  my  diary  I  have  given  the  facta  which  make  for  the  on(j  or  the  other 
conclusion,  but  as  there  is  no  impossibility  that  both  may  (>ccur  in  this  valley  I  deem 
it  needless  to  enter  into  parti  cidars. 

*  It  is  shown  clearly  on  the  Geological  Map,  where  it  is  marked  as  **  Terrain 
Glaciaire."     The  material,  from   which   the  actual  pillars  are  carved,  Va  \vct;\\^^^ 
more  directly  in  the  line  of  the  Val  d'Heremence. 
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the  right  bank,  where  there  are  imperfect  pillars,  the  material  seemi 
to  be  oonneoted  with  a  wide  tributary  opening,  rock  appearing 
opposite  to  it  on  the  left  bank  of  the  river.  In  the  neighbourhood 
of  the  pillars  (about  half  a  mile  below  Useigne)  the  material 
certainly  shows  some  stratification  rudely  parallel  with  the  slope 
of  the  hill,  as  in  a  talus.  "  It  is  morainic,  not  moraine — hillsidi 
talus,  mud,  torrent  d6bris,  moraine,  perched  blocks,  all  sorts  of  stu£ 
brought  down  by  rain  and  stream.  It  looks  as  if  the  valley,  aftei 
having  been  excavated  to  something  like  its  present  depth,  ha^ 
been  choked  up  with  this  mixture.*'^  The  way  in  which  it  ii 
distributed,  not  in  mounds,  but  forming  parts  of  the  slopee 
descending  from  either  side  of  the  valley,  shows  that  it  cannot  be 
true  moraine. 

The  earth  pillars  near  Stalden  have  a  similar  origin.  These  oooui 
on  the  right  bank  of  the  Yispthal,  roughly  opposite  to  the  steep 
ascent  on  the  railway  before  it  reaches  that  village.  I  came  to  the 
conclusion,  more  than  twenty-five  years  ago,  that  this  material  had 
descended  from  above,  and  have  been  confirmed  in  it  by  later  study, 
especially  during  the  past  Summer.  The  pillars  have  been  carved 
out  of  a  pale  grey  '  earth/  more  or  less  micaceous,  containing  some 
small  fragments  (but  less  numerous  than  in  a  moraine)  witli 
occasional  boulders  (crystalline  rock),  now  and  then  large.  The 
annexed  diagram,  rough  though  it  is,  will  save  a  long  description. 


B 


D 

Fio.  1. — Section  right  bank  of  Visp  neah  Stalden. 

A,  mountain  side,  steep  and  rather  bare,  rising  for  some  hundreds  of  feet  anc 
forming  the  skyline ;  B,  cultivated  ground,  forming  a  kind  of  shelving  terrace ; 
C,  long  slope,  with  rock  showing  in  the  steeper  part,  on  which  streamletfi 
(sometimes  ory)  have  cut  ravines,  on  the  flanks  of  wnich  are  pillars  ;  D,  clifb 
above  the  Visp. 

The  terrace  bank,  thus  furrowed,  extends  for  some  hundreds  ol 
yards,  and  bears  no  resemblance  iti  form  to  a  moraine  either  lateral 
or  terminal.  But  it  is  not  the  only  instance.  Part  of  Stalden 
stands  on  a  mound  of  similar  material,  through  which  the  railway 
cuts  just  before   entering  the   station.      At  first  sight  this  more 

^  Note  written  on  the  spot  in  1900,  when  I  saw  them  again  after  an  interral  o 
twenty-four  years. 
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nearly  resembles  a  moraine  in  outline,  but  we  find  on  further 
examination  that  it  extends  some  distance  up  the  valley  beyond 
the  Tillage,  not  to  mention  other  difficulties.  We  have  not,  however, 
&r  to  go  to  obtain  much  stronger  evidence.  The  lower  part  of  the 
mountain  buttress  between  the  Oomer  and  the  Saas  Yisp  is  formed 
of,  or  more  strictly  speaking  masked  by,  identical  material,  which 
also  has  clearly  come  from  above.  Looking  up  the  latter  valley 
from  the  station  at  Stalden  we  can  see  on  its  right  bank,  at  some 
distance,  another  terrace  slope  of  the  grey  debris,  lodged  in  similar 
position  to  that  with  the  pillars.  In  fact,  as  we  walk  up  the  valley 
to  Saas,  we  pass  by  two  or  three  of  these  deposits ;  that  of  which 
1  give  a  rough  diagram  being  on  the  left  bank,  not  far  from  the 
B<^en  Briicke.     This  affords  us  distinct  proof  that  the  debris  was 


Fig.  2. — Sbction  by  the  Saas  Visp  near  Boden  Buucke. 
A  diaCTam  constructed  from  a  sket<;h  taken  on  the  mule-track. 

(1)  Bare  rocky  crags  (li^neiss)  rising:  up  to  the  skyline. 

(2)  Talus  of  fallen  rock. 

(3)  'Mud  avalanche  '  material. 

(4)  Steep  bare  rock,   rounded,    smoothed  and   scored   hv  ice.      This,   near   where 

I  st/)0<l,  could  be  traced  to  \\ithiu  10  feet  of  the  Visp. 

(5)  Talas  at  foot  of  cliff-face  of  mud  avalanche,  overgrown  by  vegetation  descending 

towards  the  Visp — which  would  be  nearly  an  inch  below  the  bottom  of  the 
drawing. 

deposited  after  the  ice  had  finally  retreated  from  this  part  of  the 
valley,  that  it  descended  from  some  part  of  the  mountain  above 
the  cliflfe  which  we  see  from  below,  and  that  it  was  formed  under 
conditions  which  no  longer  exist,  for  its  upper  part  is  now  buried 
by  a  talus  of  broken  rock  derived  apparently  from  these  cliffsJ 
In  no  instance  is  the  rook  which  has  supplied  the  avalanche  material 

*  I  have  little  doubt  that  the  Zwerglithurm  near  the  path  from  Viesch  to 
E^gischom,  figured  by  Sir  C.  Lyell  ('*  Principles  of  Geology,"  ch.  xv),  which 
1  examined  in  1881,  has  been  carved  out  of  similar  material. 
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visible  from  the  valley,  since  the  upper  parts  of  the  moantain  are 
conoealed  hereabouts  by  their  lower  buttresses.  But  oooasional 
glimpses  are  obtained  of  a  mass  of  pale-ooloured  sohists,  which  no 
doubt  extends  for  a  considerable  distance,  and  is  perhaps  identical 
with  one  which  I  remember  to  have  seen  near  the  entrance  of 
the  Vispthal. 

The  earth  pillars  of  the  Eatzenbach  and  the  Finsterbach  have 
long  been  famous.  These  are  in  upland  valleys,  high  above  that  of 
the  Adige,  on  the  flanks  of  the  Rittnerhom.  As  they  have  been 
so  frequently  described,  a  few  words  about  the  material  will  be 
sufficient.  The  matrix  is  a  red  earth,  which  becomes  hard  in 
drying,  and  has  probably  been  supplied  by  the  destruction  of  the 
well-known  'porphyry.'  Most  of  tiie  smcdler  stones  are  more  or 
less  rounded,  even  the  big  blocks  (up  to  50  or  60  cubic  feet)  being  not 
unfrequently  subangular.  Stones  of  any  conspicuous  size  are  not 
very  numerous ;  it  would  not  be  difficult  to  find  a  cubic  foot  of 
material  without  one  bigger  than  a  marble.  Once  or  twice  I  saw 
signs  of  stratification,  and  the  larger  boulders  seemed  often  to  occur 
in  layers.  The  relation  of  these  masses  of  debris  to  the  slopes  on 
either  side  and  to  the  upper  part  of  the  mountain  itself  satisfied  me 
that  the  ridges  and  pillars  had  not  been  carved  out  of  mounds,  but 
from  material  which  had  been  deposited  so  as  to  partly  fill  up 
a  valley  already  excavated  in  the  'porphyry.'  On  my  first  visit 
I  came  to  the  conclusion,  with  which  my  companion,  the  late 
Mr.  W.  Mathews,  agreed,  and  which  was  strengthened  on  a  second 
examination  nine  years  afterwards,  that  this  material,  though  very 
likely  incorporating  moraine  stufi*,  was  not  true  moraine,  but  had 
descended  into  the  glens  from  above,  and  thus  was  more  or  less 
of  the  nature  of  mud  avalanche. 

Though  these  deposits  of  muddy  debris  often  are  not  easily 
distinguished  from  true  moraines,  the  question  may  occasionally 
be  settled  at  once  by  the  correspondence  between  the  materials 
and  those  in  sitH  on  the  mountain  side  above;  but  as  these  slips 
(so  far  as  I  know)  are  always  later  than  the  final  retreat  of  the  ice, 
they  may  have  carried  down  with  them  and  incorporated  moraine 
and  perched  blocks.  As  a  rule,  however,  in  one  of  these  deposits, 
the  finer  material  bears  a  larger  ratio  to  the  boulders  than  is  usual 
in  true  moraines  under  similar  conditions.  In  them,  as  far  as  my 
observations  go,  this  ratio  increases  with  the  distance  from  the  head 
of  the  valley.  But  the  material  in  three,  at  least,  of  the  districts 
named  above — in  the  Eringerthal,  in  the  Vispthal,  and  in  the  upland 
valleys  on  the  Bittnerhorn — resembles  what  we  should  expect  to 
find  in  moraines  on  subalpine  or  even  lowland  regions.  The  form, 
however,  is  a  more  characteristic  feature.  A  moraine  in  its  natural 
condition  is  more  or  less  of  a  mound.  These  flood  deposits  either 
shelve  gently  up — like  all  slopes  of  debris — to  the  clifis  and  glens 
down  which  they  have  descended,  or  fill  up  the  bed  of  the  main 
valley  to  a  considerable  depth.^     The  latter  any  ordinary  terminal 

^  As  is  the  case  with  the  trass  which  still  remains  in  places  in  the  Brohlthal  (Eifel). 
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moraine  could  not  do,  for  if,  instead  of  forming  a  mound,  it  trailed 
along  after  the  retreating  ioe,  it  would  be  comparatively  thin. 
Some  glacialists,  however,  may  claim  the  deposit  for  ground 
moraine,  which  once  loomed  very  large  in  not  a  few  imaginations, 
and  was  defined  as  ''rock  rubbish  derived  from  the  subjacent 
rock  masses  by  the  ice  itself."  Such  material  no  doubt  exists, 
but  to  what  extent  (as  I  have  repeatedly  urged)  must  be  deter- 
mined by  proof,  not  by  hypothesis.  Spitzbergen  and  Qreenland 
were  then  generally  supposed  to  bear  some  resemblance  to  the 
condition  of  the  Alps  in  the  Qreat  Ice  Age.  But  the  researches  of 
Professors  Qregory  and  Garwood  in  the  former,  and  of  Professor 
Chamberlin  with  other  American  observers  in  the  latter,  have  not 
been  rewarded  by  the  discovery  of  enormous  masses  of  indubitable 
ground  moraine,  exactly  resembling  the  Boulder-clay  of  Britain 
and  North  Germany.  Material  to  which  the  former  term  may  be 
applied  seems  to  be  produced  in  one  of  three  ways :  (1)  in  certain 
cases  an  advancing  glacier  pushes  before  it,  more  or  less  levels 
down,  and  finally  travels,  as  if  along  a  terrace,  over  what  began 
as  terminal  moraine;  (2)  when  a  glacier  ends  in  an  ice-cliff, 
fragments  from  the  upper  parts  of  this  and  rock  debris  from  the 
top  may  fall  down,  become  frozen  together,  and  then  adhere  to 
the  lower  part  of  the  advancing  mass,  by  which  they  are  carried 
down  the  valley  and  finally  deposited  on  its  rocky  floor,  when  the 
ice  melts  away ;  (3)  either  this  material,  or  any  picked  up  locally 
by  the  glacier  as  it  is  moving  downwards,  may  be  sometimes 
distributed  by  differential  movements  of  the  ice  in  a  more  or  less 
stratified  manner  through  its  lower  portion.  This  approaches 
nearest  to  the  old  ideal  of  ground  moraine  ;  but  as  that  stratification 
rarely  extends  for  more  than  a  hundred  feet  from  the  bottom  of 
the  glacier,  the  material  which  it  has  left  cannot  be  very  thick.^ 
But  as  an  ice-sheet,  when  moving  over  nearly  level  ground, 
seems  not  only  to  be  incompetent  to  erode  but  even  to  override 
loose  material,  already  deposited,  one  layer,  in  case  of  a  second 
advance,  might  be  superposed  on  another.  In  the  Alps,  however, 
a  retreat  of  the  ice  is  generally  signalized  in  the  lower  regions  by 
a  deposit  of  stratified  gravel,  while  in  the  upper  the  glaciers  were 
obviously  able  to  keep  their  rock  beds  tolerably  clean.  We  cannot, 
therefore,  in  my  opinion,  apply  this  explanation  to  the  deposits 
under  discussion.  Morainic — that  is,  partly  composed  of  ice-deposited 
material — they  may  be,-  but  they  are  not  true  moraines. 

The  Alps  accordingly  appear  to  have  passed  through  a  phase  of 
denudation  which  is  still  in  process  in  the  Himalayas.  In  the 
former,  when  the  snow  and  ice  first  disappeared  from  the  zones 
which  are  now  uncovered  for  most  of  the  year,  the  rock  would  be 
not  only  rather  thickly  sprinkled  with  morainic  debris,  but  also 

*  So  far  as  I  can  judge  from  the  excellent  illustrations  to  the  papers  mentioned 
above,  the  debris  can  hardly  amount  to  one -fifth  of  the  whole  mass,  so  that  the 
former  is  seldom  likely  to  exceed  20  feet,  and  would  generally  be  much  less. 

2  This,  if  I  mistake  not,  is  included  by  Continental  writers  in  the  term  '  Glacial 
Schotter.' 
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often  withoat  protection  from  talus-slope  or  vegetation.  It  woul 
therefore  be  more  readily  affected  by  changes  of  temperature,  heaii 
rainfall,  and  an  inclement  climate,  and  thns  avalanches  or  torren 
of  mad  would  be  on  a  larger  scale  than  now.  As  a  rather  di 
dimate,  according  to  Sir  Martin  Conway,  is  also  distinct] 
favourable  to  this  kind  of  denudation,  it  may  have  been  very  acti^ 
in  the  'Steppe  Age'  which  probably  closed  the  Glacial  Perio* 
But  of  this  we  perhaps  hai^ly  know  enough  to  do  more  tlu 
venture  a  suggestion. 

III. — The  Origin  and  Progress  of  the  Modern  Theory  of  tb 

Antiquitt  of  Man. 

By  Sir  Hexkt  H.  Howorth,  K.C.I.E.,  F.R.S.,  F.G.S.,  F.S.A. 

WHEN  Dr.  Woodward  asked  me  a  few  months  ago  to  revie' 
some  pamphlets  on  early  Man  and  his  remains,  I  vei 
reluctantly  promised  to  do  so,  because  I  felt  that  if  I  were  to  I 
frank  and  sincere  I  must  speak  of  some  recent  developments  of  tl 
study  in  unsympathetic  terms,  which  would  not  be  welcome  in  son 
quarters.  I  little  expected,  however,  that  I  should  have  bee 
overwhelmed  by  such  a  shower  of  peppercorns  as  I  find  on  m 
return  from  Italy  was  the  case  in  the  September  number  of  tl 
Oeologioal  Magazine. 

If  he  thinks  the  subject  worth  ventilating  and  sufficient] 
interesting.  Dr.  Woodward  will  perhaps  afford  me  some  space  i 
which  to  deal  with  my  critics,  more  especially  as  the  issue  oontinu< 
to  be,  what  Haeckel  lately  called  it,  the  problem  of  problems.  I  all 
wish  to  correct  one  or  two  slips  which  I  made  in  consequence  < 
having  to  write  so  hurriedly  before. 

My  purpose  is  not  so  much  criticism  as  to  try  and  disentang 
the  story  of  the  growth  of  rational  views  in  regard  to  the  origin  < 
man  and  to  define  where  the  problem  now  stands.  I  must  dea 
therefore,  in  rather  more  detail  than  has  hitherto  been  done  with  tl 
history  of  the  controversy. 

The  first  rational  statement  on  the  question  known  to  me  was  tl 
famous  verse  of  Lucretius — 

'*  Anna  antiqua,  manus,  ungues,  dentesque  fuenint, 
£t  lapides,  et  item  syl varum  fragmina  rami. 
Posterius  ferri  vis  est,  aerisque  reperta ; 
Sed  prior  aeris  erat,  quam  ferri  cognitus  usus.*'  * 

This  extraordinary  statement  (considering  when  it  was  writtei 
took  a  long  time  to  fructify.  The  first  actual  fact  recorded,  so  fi 
as  I  know,  in  support  of  it,  viz.  the  discovery  of  the  Palsaolith 
implement  found  in  Qrays  Inn  Lane,  was  not  published  until  tl 
beginning  of  the  eighteenth  century.  I  gave  details  about  it  in  n 
previous  paper.  The  interest  of  this  stone,  however,  like  that  of  tl 
Cannstadt  jawbone  found  in  the  loess  in  1700,  is  rather  retrospectii 

^  ''  Ancient  arms  were  hands,  nails,  teeth,  and  stones  and  also  broken  branch 
of  trees.    Afterwards  the  virtue  of  iron  and  of  bronze  was  discovered,  but  the  use 
bronze  preceded  that  of  iron." 
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than  direct.  The  ioiportanoe  of  the  discovery  in  each  case  was 
only  appreciated  and  its  real  lesson  learnt  at  a  much  later  time. 

Eckhard,  Professor  of  History  at  Brunswick,  who  died  in  1730, 
iD  his  work  **  D«  Origine  Germanoram/'  which  was  not  published 
Qntil  twenty  years  after  his  death,  says,  "  Lapides  armis  apud 
omnes  suocessere  aerea"  (i.e.  *' bronze  everywhere  succeeded  stones 
for  arms,"  op.  cit,  xlii,  p.  81);  Borlase,  in  his  ''Antiquities  of 
Cornwall/'  1753,  argued  in  favour  of  the  three  ages  of  man  ;  while 
Goguet,  in  1758,  in  his  ''L'Origine  des  lois,  des  arts,  et  des 
sciences"  (vol.  i,  book  ii,  ch.  4,  p.  133),  says,  "All  antiquity  is 
agreed  that  there  was  a  time  when  the  use  of  metals  was  unknown 
in  the  world."  These  statements,  however,  were  only  echoes  of 
Lucretius. 

The  first  person  who  argued  scientifically  that  men  at  one  time 
used  stone  for  their  weapons  and  tools  to  the  exclusion  of  metal, 
that  is,  argued  in  favour  of  a  Stone  Age,  was,  according  to 
M.  Le  Hon,  Mahud  El,  who,  having  examined  a  ooosiderable 
number  of  so-called  thunder-stones,  i.e.  stoue  axes,  urged  in  1734 
that  they  were  the  first  instruments  made  by  man  at  a  period  when 
he  did  not  know  metal  (''L'Homme  Fossile,"  p.  23).  Frere,  who 
wrote  a  good  deal  later,  i.e.  in  1797,  based  his  conclusion  on  certain 
implements  which  he  had  found  in  the  Suffolk  gravels.  To  show 
how  well  he  had  grasped  the  general  conditions  of  this  particular 
point,  I  will  quote  an  additional  paragraph  to  that  referred  to  in 
the  previous  memoir  and  cited  from  his  paper  in  the  thirteenth 
volume  of  Archaologia,  p.  103.  He  says:  "The  implements  lay 
in  great  numbers  at  the  depth  of  about  12  feet  in  a  stratified  soil, 
which  was  dug  for  the  purpose  of  raising  clay  for  bricks " ;  and 
he  concludes :  "  The  situation  in  which  these  weapons  are  found 
may  tempt  us  to  refer  them  to  a  very  remote  period  indeed,  even 
beyond  that  of  the  present  world  ;  but  whatever  our  conjectures  on 
that  head  may  be  it  will  be  difficult  to  account  for  the  stratum 
in  which  they  lie  being  covered  by  another  stratum  ....  The 
manner  in  which  they  lie  would  lead  to  the  persuasion  that  it  was 
a  place  of  their  manufacture,  and  not  of  their  accidental  deposit,  and 
the  number  of  them  was  so  great  that  the  man  who  carried  on  the 
brickwork  told  me  that  before  he  was  aware  of  their  being  objects 
of  curiosity  he  had  emptied  baskets  full  of  them  into  the  ruts  of 
the  adjoining  road.  He  concludes  that  the  dififerent  strata  were 
laid  down  by  different  inundations."     So  much  for  Frere. 

It  was  the  explorers  of  caves,  however,  who  first  produced 
evidence  that  man  had  existed  in  Europe  when  hyaenas  and  lions 
were  still  living  there;  thus,  in  1774  Esper,  in  publishing  his 
account  of  the  cave  at  Gailenreuth,  tells  us  he  had  found  a  jaw 
and  a  shoulder-blade  of  a  man  mixed  with  the  remains  of  these 
animals,  and  he  declared  it  to  be  his  opinion  that  these  bones  were 
all  contemporary.  There  is  no  reason  to  question  either  Esper's 
competence  as  a  witness  or  the  fact  of  the  discovery.  In  1804: 
Rosenmuller  published  an  account  of  his  own  researches  \n  Uvq 
same  district,  and  says  thafc  he  was  convinced  by  the  testmou'y  ol 
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his  own  eyes  that  the  bones  of  men  had  undoubtedly  been  found 
mixed  with  those  of  bears  and  lions  in  the  oaves  of  GailenreutL 
In  the  year  1700  some  extensive  excavations  were  made  at 
Cannstadt  in  Wiirtemberg,  and  a  vast  number  of  remains  of 
so-oalled  Pleistocene  beasts  were  found  more  than  a  oentury  later. 
These  bones  were  examined,  and  a  human  jaw  and  some  other 
human  remains  were  found  among  them.  Cuvier,  in  referring  to 
them  in  the  first  edition  of  his  Oss.  Foss.  in  1812,  refused,  however, 
to  consider  the  bones  as  contemporary. 

In  the  introduction  to  his  '*  PetreCactenkunden,"  published  in 
1820,  Schlotheim,  who  explored  the  caves  at  Qailenrenth  more 
minutely,  described  how  in  the  fissures  in  the  gypsum  quarries  at 
Eostritz  in  Germany  human  bones  had  undoubtedly  been  found 
with  the  bones  of  Ehinoceros  antiquus,  an  extinct  horse,  the  great 
extinct  stag,  and  the  fossil  hysdua  and  lion.  ''Human  bones  had 
been  recognized  there,"  he  tells  us,  ''since  the  first  opening  of 
the  quarries  thirty  years  before,  and  in  almost  every  gypsum 
quarry  in  the  district."  The  various  bones  were  found  together, 
assembled  in  a  heap.  He  argues  that  these  bones  could  not  have 
come  there  by  way  of  burial  or  adventitious  falls  into  the  fissures, 
nor  by  other  accidental  causes,  but  were  always  found  with  the 
other  animal  remains  in  the  same  relations,  and  they  appeared  to 
he  strictly  fossil  and  to  have  been  swept  thither  by  floods,  with  the 
other  animal  bones,  at  the  period  of  the  formation  of  the  alluvial  bed 
itself  If  this  view  be  confirmed,  says  our  author,  it  will  render 
probable  the  supposition  that  the  human  bones  found  in  calcareous 
tufa  are  likewise  referable  to  the  same  period,  and  consequentijf 
that  man  existed  here  previous  to  the  formation  of  the  alluvial  bed$^ 
the  last  great  revolution  to  which  the  earth  has  been  subjected. 

In  the  Nachlrage  to  the  same  work  published  in  1822,  Schlotheim 
describes  further  researches  in  the  same  place,  and  speaking  of  the 
human  bones  which  were  in  his  collection  from  there,  he  says: 
''They  betray  a  great  antiquity,  although  they  have  not  all 
undergone  a  change  in  an  equal  manner.  Some  of  them  have  lost 
their  animal  gluten  and  are  even  penetrated  with  gypsum,  as  is  the 
case  with  a  considerable  portion  of  the  other  animal  bones,  while 
others  are  only  slightly  calcined  and  decomposed.  This  varying 
condition  of  the  bones  is  likewise  observable  in  aU  the  fossil  bones 
of  Kostritz." 

Schlotheim  tells  us  further  that  some  human  bones  in  his  collection 
were  found  26  feet  below  the  surface,  and  underneath  two  phalanges 
of  a  rhinoceros,  quite  fossilized,  which  lay  8  feet  above  them,^  and 
he  urges  that  it  is  quite  evident  that  in  the  country  near  Eostritz 
human  bones  are  found  intermingled,  without  order,  with  the  bones 

*  These  bones,  according  to  a  statement  by  Mr.  Carter  Blake,  are  now  or  ooght  to 
be  in  the  British  Museum.  However  this  may  be,  I  am  safe  in  stating  that  there 
is  a  fine  series  of  Gtiilenreuth  and  Scharzfeldt  cave-remains  in  the  Geological 
Department  of  the  Natural  History  Museum,  Cromwell  Road,  formed  by  tiie 
Earl  of  Enniskillen  and  Sir  Philip  dc  Malpas  Grey  Egerton  in  the  early  part  of 
the  last  century. 
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\f  animals  of  the  ancient  world  and  with  those  of  existing  species, 
md  under  precisely  the  same  circumstances,  heing  firmly  enveloped 
md  compacted  in  the  loamy  deposit  which  occupies  the  fissures  and 
iayities  of  the  bed  of  gypsum  that  occurs  in  that  vicinity.  "It  is 
mdeniable,"  he  says,  **  that  in  Winter's  gypsum  quarry  human  bones 
irere  discovered  at  the  depth  of  26  feet  firom  the  surface,  lying  8  feet 
Iwlow  the  bones  of  the  rhinoceros  also  there  deposited.  The  human 
bones,  like  those  of  the  other  animals,  are  more  or  less  altered, 
md  deprived  of  their  animal  gluten.  Human  bones  and  skeletons 
bave  also  been  found  in  other  places  within  the  tract  of  the  alluvial 
formations,  in  the  vicinity  of  the  repositories  of  large  land  animals 
af  the  ancient  world,  but  which  have  not  hitherto  received  that 
attention  which  they  deserve.  All  these  conclusions  give,  on  the 
first  view,  probability  to  the  conclusion  that  the  other  animals  were 
destroyed  at  the  same  time  as  man,  and,  consequently,  that  the 
latter  was  already  in  existence  in  this  country  at  the  period  of  the 
ieetruction  of  the  large  animals ;  an  opinion  which  I  have  already 
idvauced." 

This  is  all  very  plain,  very  explicit  and  precise,  and  represents 
:he  view  now  universally  accepted,  and  Sohlotheim  ought  to  be 
considered  as  its  first  scientific  champion.  He  would  perhaps  have 
)een  so  regarded  had  he  not  been  dominated  by  a  priori  views,  which 
vere  then  natural,  and  which  made  him  suggest  as  a  possibility  that 
he  human  bones  may  have  been  brought  thither  by  floods  at  a  later 
ime  than  the  animal  bones,  and  this  in  the  face  of  tlie  fact  that 
he  deposits  in  these  oaves  of  Gailenreuth  were  cased  in  with 
talagiuite  and  did  not  contain  secondary  burials.  He  therefore 
dopts  a  position  of  hesitation.  He  concludes,  however,  with  the 
rords  :  ''So  much,  however,  appears  to  be  proved,  that  they  [i.e.  the 
mman  bones]  occur  here  in  a  fossil  state,  having  been  brought 
lither  by  great  floods  at  very  remote  times." 

The  memoir  by  Schlotheim  came  into  the  hands  of  Mr.  Thomas 
fVeaver,  who  in  1823  published  a  translation  of  it  with  notes  in  the 
innals  of  Philosophy ^  vol.  xxi,  §  17.  In  these  notes  Weaver  argues 
'ery  acutely  against  the  bones  of  men  and  those  of  the  ancient 
.nimals  at  Gailenreuth  having  been  deposited  at  different  times,  and 
laims  that  they  were  all  laid  down  together  by  the  same  diluvial 
Qovement,  and  were  therefore  contemporary.  He  also  shows  that 
^chlotheim's  doubts  as  to  the  contemporaneity  of  the  ancient  and 
Dore  recent  animals  whose  bones  were  found  together,  are  answered 
)y  the  fact  that  Buckland  found  precisely  the  same  varying 
ionditions  in  the  bones  from  Kirkdale  Cave.  This  shows  that 
x>th  in  Germany  and  in  England  very  sane  and  sound  views  on 
he  antiquity  of  man,  views  which  are  now  general,  had  been 
championed  on  perfectly  scientific  grounds  as  early  as  1823.  The 
)06ition  would  then  probably  have  been  finally  won  had  it  not 
)een  for  the  authority  of  Cuvier  and  Buckland,  who  were  strongly 
)rejudiced  against  the  view  that  man  was  contemporary  with  thft 
ixtinct  beasts.  The  former  was  againat  the  occurrence  even  oi 
bssil   monkeys.     Jn    1823  a   very  distinguished    and   compet^nV, 
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Austrian  geologist,  Ami  Boue,  discoyered  Bome  bones  oomprising 
half  a  skeleton,  but  no  skull,  in  the  loess  at  the  little  town  of 
Lahr,  two  German  miles  from  the  Bhine,  almost  opposite  Strasburg 
in  Baden.  Speaking  of  the  loess  there  and  of  this  disoovery,  we 
are  told:  ''Ce  d6p6t  renferme  des  os  d'esp^oes  perdues,  et  c'est 
lui  qu'une  fouille  avait  entame.  Des  ossements  6taient  plao^s  i 
difGerentes  hauteurs  et  dans  des  lieux  ou  rien  n'indique  qu'il  y  ait 
eu  jadis  un  oimetiere.  D'ailleurs  les  os  etaient  tellement  engages 
dans  la  roche  qu'il  fallut  prendre  assez  de  peine  pour  les  d^ager ; 
Tauteur  fut  oblige  d'en  laisser  qui  etaient  situes  trop  avant  dans  la 
mame,  tandis  que  cette  demi^re  ne  paraissait  nulleraent  avoir  M6 
remaniee  et  offrait  en  outre  quelques  coquilles  terrestres  d'ean 
douoe."     (Materiaux,  etc.,  xviii,  29,  30.) 

Boue,  who  was  oonvinced  that  human  bones  could  not  exist  under 
Buch  conditions,  and  thought  they  must  belong  to  some  animal  like 
man,  sent  the  bones  to  Cuvier,  and  was  greatly  surprised  when 
Guvier  pronounced  them  to  be  human.  In  1829  M.  Bone  revisited 
the  place  where  he  had  made  bis  discovery,  and  confirmed  his 
former  observations,  but  in  view  of  Guvier's  determined  scepticism 
he  suggested  the  possibility  that,  although  the  bones  had  not  been 
artificially  buried  by  man,  they  might  have  been  washed  to  the 
place  where  they  occurred,  together  with  their  matrix,  in  some 
exceptional  flood  of  the  Schutter  or  Bbine.  In  reporting  these  facts 
he  further  mentions  that  Gount  Bazumofski  had  discovered  some 
human  skulls  mixed  with  the  remains  of  extinct  animals  in  the 
deposit  covering  the  Magnesian  Limestone  near  Baden  in  Liower 
Austria.  This  last  discovery  has  a  more  important  meaning,  of 
course,  than  it  had  in  1829,  when  the  antiquity  of  man  was  still 
in  question  (see  Ann.  Sci.  Nat,  vol.  xviii,  partie  Bibliographique, 
160,  161).» 

Lyell  tells  us  that  the  collection  of  Lahr  bones  found  by  Boa6 
was  left  in  Guvier's  care,  and  having  been  neglected  was  lost 
C  Antiquity  of  Man,"  4th  ed.,  244).  E^ue  maintained  his  views  in 
spite  of  Guvier's  scepticism,  and  many  years  afterwards,  namely,  in 
1852,  communicated  to  the  Berlin  Academy  a  short  paper  embodying 
his  previous  researches,  in  which  he  reiterates  that  the  bones  had 
not  been  artificially  buried,  and  says  :  '*  Ich  noch  jetzt  damaU  glavben 
mu88  dasi  dteaen  Knochen  wie  die  Schnecken-Gehdiise  gleichzeitig  mil 
dem  mergeligen  Ldss-Gehilde  und  selhst  in  seinen  untern  Sehichten 
abgesetzt  wurden*'  (Sitzberichte,  vol.  viii,  p.  89). 

In  the  same  year  that  Boue  made  his  discovery,  i.e.  in  1828, 
Professor  Grahay  read  a  paper  before  the  Maestricht  Academy  on 
a  human  lower  jaw  still  preserved  at  Leyden,  which  was  found 
19  feet  below  the  surface,  where  the  loess  joins  the  gravel  and  is 
overlain  by  intact  and  undisturbed  pebbly  and  sandy  beds.  Large 
numbers  of  remains  of  extinct  animals  were  found  apparently  at  the 

•  In  my  previous  paper  I  carelessly  gave?  a  wrong  reference  fi>r  tliese  facts,  about 
which  my  friend  Professor  Rupert  Jones  is  rightly  sarcastic,  and  which  I  have  now 
corrected.     The  reference  is,  however,  a  difficult  one,  and  the   ♦*  partie   Biblio- 
ffnpbique  **  waa  pnhliBhed.  separately,  und  has  a  distinct  pagination. 
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same  horizon,  some  of  the  Mammoths*  remains  being  at  a  higher 
level.  M.  Crahay's  paper  was  first  published  in  1836  in  the 
Ball,  de  TAcad.  Boyale  de  Belgique,  vol.  iii,  p.  43.  Lyell,  who 
verified  the  facts,  regarded  this  as  one  of  the  first  examples  of  the 
oocurreuoe  of  remains  of  man  and  extinot  animals  in  a  Pleistocene 
alluvial  deposit  in  the  open  plains  ("  Antiquity  of  Man,"  p.  241). 

Let  us  now  turn  to  England.  On  the  subject  of  caves  and  their 
contents  Buckland's  opinion  dominated  Englishmen  just  as  Cuvier's 
dominated  the  Continent,  and  naturally,  for  he  had  had  great 
experience  in  excavating  caverns.  He  took  the  same  side  as  Cuvier 
in  regard  to  the  introduction  of  remains  of  man  into  the  caves 
having  been  later  than  those  of  the  extinct  animals.  In  his 
"Reliquiae  Diluvianas/'  1824,  be  mentions  the  discovery  of  human 
bones  encrusted  with  stalactite  in  a  cave  in  the  Mountain  Limestone 
at  Burrington  in  the  Mendips,  mentioned  in  Collinson's  History 
of  Somerset.  The  mouth  of  the  cave  was  nearly  closed  by  stalactite, 
and  many  of  the  bones  were  encrusted  with  it.  In  the  case  of 
the  skull  the  inside  as  well  as  the  outside  was  encrusted  with  it, 
"  and  I  have,"  says  Buckland,  "  a  fragment  from  the  inside  which 
bears  in  relief  casts  of  the  channel  of  the  veins  along  the  interior 
of  the  skull.  The  state  of  these  bones  affords  indications  of  very 
high  antiquity."  It  seems  from  our  present  knowledge  almost 
certain  that  these  bones  belonged  to  Palseolithic  man. 

Secondly.  In  the  cave  at  VVookey  Hole  human  bones  were  found 
by  Mr.  Miller  of  Bristol  and  examined  by  Buckland  in  1823.  He 
says  the  teeth  and  fragments  of  bone  were  dispersed  through 
reddish  mud  and  clay,  and  some  of  them  were  united  to  it  by 
stalagmite  into  a  firm  osseous  breccia.  As  Buckland,  however, 
found  a  small  piece  of  a  sepulchral  urn  among  the  bones,  it  makes 
this  case  a  doubtful  one.  A  more  important  discovery  was  that 
made  in  the  cave  at  Paviland,  near  Swansea.  He  tells  us  how 
he  discovered  beneath  six  inches  of  earth  nearly  the  entire  left  side 
of  a  human  female  skeleton,  the  parts  being  in  juxtaposition,  and 
in  the  middle  of  the  bones  was  a  small  quantity  of  a  yellow 
substance  like  adipocere.  The  bones  were  all  stained  with  a  dark 
brick-red  colour,  and  enveloped  by  a  coating  of  ruddle.  Near  the 
skeleton  were  two  handfuls  of  small  shells  of  Nerita  littoraUs,  much 
deenyed,  and  in  contact  with  the  ribs  were  forty  or  fifty  fragments 
of  small  ivory  rods,  nearly  cylindrical,  and  varying  in  diameter  from 
a  quarter  to  three-quarters  of  an  inch,  and  from  one  to  tour  inches 
in  length.  Their  external  surface  was  smooth  in  the  few  which 
were  least  decayed,  but  the  greater  number  had  undergone  the  same 
degree  of  decomposition  as  the  large  fragments  of  Mammoths* 
tusks.  He  had  previously  described  the  discovery  of  two  decayed 
Mammoths*  tusks  in  the  cave.  Most  of  the  fragments  were  also  split 
tran8vei*sely  by  recent  fracture  in  digging  them  out,  so  that  there 
are  no  means  of  knowing  what  was  their  original  length,  as  none 
were  found  with  both  extremities  intact.  Many  of  them,  again, 
were  split  longitudinally  by  the  separation  of  their  lamintri,  w\v\(i\i 
were   evidently  the  laminas  of  the  large  tusk,  from  a  poxtioii  ol 
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which  they  had  heen  made.  The  surfaces  exposed  by  this  splitting, 
as  well  as  the  outer  circumference  where  it  was  smooth,  were 
covered  with  small  clusters  of  minute  and  extremely  delicate 
dendrites ;  so  also  was  the  circumference  of  some  small  fragpnenta 
of  rings  made  of  the  same  ivory,  and  found  with  the  rods,  being 
nearly  of  the  size  and  shape  of  segments  of  a  small  teacup  handle. 
The  rings,  when  complete,  were  four  or  five  inches  in  diameter. 
The  rings,  rods,  and  shells  lay  in  the  same  red  substance  that 
enveloped  the  bones,  and  were  stained  superficially  with  it,  and 
had  evidently  been  buried  at  the  same  time  as  the  woman.  In 
another  place  were  found  three  fragments  of  the  same  ivory,  which 
had  been  cut  into  unmeaning  forms  by  a  rough -edged  instrument, 
probably  a  coarse  knife,  the  marks  of  which  remained  on  all  their 
surfaces.  '^  One  of  these  fragments  was  nearly  of  the  shape  and  size 
of  a  human  tongue,  and  its  surface  was  smooth  as  if  it  had  been 
applied  to  some  use  in  which  it  became  polished ;  its  surface  was 
also  covered  with  dendrites  like  that  of  the  rods ;  there  was  found 
also  a  rude  instrument  resembling  a  short  skewer  or  chopstick, 
and  made  of  the  metacarpal  bone  of  a  wolf,  sharp,  and  flattened  to 
an  edge  at  one  end,  and  terminated  at  the  other  by  the  natural 
rounded  condyle  of  the  bone.  ...  No  metallic  instruments 
have  as  yet  been  found  with  these  remains.  .  .  .  The  ivory  rods 
and  rings  and  tongue-shaped  fragment  were  certainly  made  from 
the  antediluvian  tusks  that  lay  in  the  same  cave,  and  must  have 
been  cut  from  the  ivory  when  hard  and  not  crumbling  to  pieces, 
as  it  is  at  present  on  the  slightest  touch,  whence  we  may  assume 
their  high  antiquity." 

We  can  hardly  doubt  with  our  present  knowledge  that  these  bones 
were  those  of  a  Palsdolithic  woman,  and  it  seems  a  real  pity  that  our 
famous  Dean,  whose  acuteness  was  so  remarkable,  should  have  been 
entirely  blinded  by  his  prepossessions  in  favour  of  a  quite  impossible 
and  quite  unattested  Biblical  chronology  in  arguing,  as  he  did,  that 
the  bones,  etc.,  had  been  buried  subsequently  to  the  burial  of  the 
bones  of  the  extinct  beasts,  for  this  discovery  ought  to  have  secured 
for  England  what  was  much  later  secured  for  Belgium  by  Schmerling 
— the  honour  of  the  settlement  of  one  great  question  in  the  issue, 
the  historical  development  of  which  we  are  tracing,  namely,  the 
contemporaneity  of  man  and  the  extinct  beasts. 

Let  us  now  turn  to  France.  In  a  letter  written  on  the  25th  of 
October,  1828,  on  the  caverns  of  Bize,  Tournal  tells  that  he  had 
found  in  the  same  strata  human  bones  and  those  of  extinct  species 
with  the  same  physical  and  chemical  features,  ^' jouissant  tons  deux 
des  memes  caraot^res  physiques  et  chimiques.  Ces  observations 
pen  vent  faire  mettre  en  question  I'existence  de  Thomme  k  Tctat 
fossile."  And  he  continues  :  "  The  generally  admitted  proposition, 
therefore,  that  on  our  actual  continents  there  do  not  occur  human 
fossil  bones,  must  be  treated  as  doubtful,  or,  at  all  events,  is 
nnestablished."  Tournal  at  the  same  time  allows  that  it  is  possible 
the  human  bones  and  the  specimens  of  living  species  of  shells  found 
in  the  Bize  caverns  may  have  been  carried  in  by  subsequent  currents 
of  water,  which  rearranged  the  contents  of  Ih^  caves. 
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The  human  bones,  he  tells  us,  were  found  with  pieces  of  pottery, 
living  marine  and  land  shells,  and  bones  of  extinct  animals,  in  the 
same  stratum  of  red  cave  earth  {Annalei  des  Sciences  Naturdles, 
vol.  XV,  pp.  348-350).  He  adds  another  statement,  which  he  did 
not,  and  perhaps  could  hardly  be  expected  to,  appreciate  at  its  full 
valae,  that  he  also  found  in  the  cave  earth  fragments  of  flint  with 
very  sharp  angles  (''des  fragments  de  silex  pyromaque  h  angles 
tr^s-vifs  "). 

On  the  29th  of  June,  1829,  M.  Ghristol  communicated  to  the 
Academy  a  notice  of  the  caverns  of  Pondres  and  Souvignargues,  near 
Sommieres,  explored  by  himself  and  M.  Emilien  Dumas.  He  was 
convinced  that  these  caverns  proved  incontestably  the  mixing  of 
human  bones  with  those  of  extinct  animals,  and  M.  Cordier,  the 
reporter  of  the  paper,  thought  the  facts  of  the  deepest  interest 
(id.,  p.  93),  but  the  value  of  the  observation  is  qualified  by  the  fact 
that  he  claims  to  have  found  pieces  of  pottery  at  all  levels  in  the 
oave.  In  a  second  communication  made  to  the  Annates  des  Sciences 
in  1829  (op.  cit,  vol.  xviii,  p.  247 ;  and  Bull.  Sci.  Nat.,  ch.  xix, 
pp.  18-28),  Toumal,  referring  to  the  recent  researches  of  Ghristol 
just  mentioned,  says  that  they  confirmed  what  he  had  long  main- 
tained, that  man  was  contemporary  with  the  extinct  animals.  He 
says  that  Ghristol  had  shown  him  human  bones  which  he  had  found 
at  a  great  depth  in  the  caverns  of  the  Card,  and  that  it  was  im- 
possible to  separate  them  in  regard  to  condition  from  those  of  the 
lion,  tiger,  and  the  hyaena  found  with  them  ;  their  chemical  and 
physical  condition  was  the  same.  In  regard  to  the  caverns  of  the 
Bize,  he  added  the  fresh  fact  that  certain  of  the  animals'  bones  bad 
marks  of  human  workmanship  upon  them.  Tournal  concludes  his 
paper  with  a  sentence  which,  as  M.  Gartailhac  says,  has  the  audacity 
of  genius,  considering  that  it  was  written  in  1829.  *'  La  goologie," 
he  says,  "  commence  la  ou  Tarcheologie  s^arrete  :  lorsque  celle-ci  aura 
epuise  ces  recherches  et  rencontre  le  voile  mysterieux  et  impenetrable 
que  couvre  Torigine  des  nations,  la  guologie  donnant  un  supplement 
ii  nos  courtes  annales,  viendra  roveiller  Torgueil  humain,  en  lui 
montrant  Tantiquite  de  sa  race ;  car  la  geologie  seul  pent  desormais 
nous  donner  quelques  notions  sur  Tepoque  de  la  premiere  apparition 
de  I'homme  sur  le  globe  terrestre." 

It  is  a  matter  of  regret  that  the  caves  so  diligently  explored  by 
Toumal  should  have  had  their  contents  disturbed  and  rearranged 
by  secondary  burials,  and  should  have  differed  in  this  respect  from 
those  at  Gailenreuth,  where  the  stratum  containing  the  extinct  animals 
was  apparently  intact.  The  early  French  explorers  were  also  not 
sufficiently  careful  in  their  digging  to  separate  the  different  layers, 
nor  was  it  known  at  that  time  that  so-called  Palssolithic  man  had 
not  learnt  the  use  of  pottery. 

These  difficulties  in  a  measure  justified  the  scepticism  of  Guvier, 
and  led  to  these  French  discoveries  and  their  importance  being 
underrated,  but  when  we  have  discounted  the  adventitious  elements 
in  them  we  cannot  doubt  that  the  human  bones  (especially  those 
found   by  Toumal)  were  found  together  with  the  extinct  on^a  \u 
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thene  caves  in  a  way  which  makes  it  clear  they  were  contemporary. 
This  was  the  view  of  M.  Marcel  de  Serres,  to  whom  the  question 
was  remitted  for  examination  by  the  French  Academy,  and  who 
had  the  human  hones  analyzed,  when  they  were  found  to  have 
parted  with  their  animal  matter  to  as  great  a  degree  as  those  of 
the  hyeenas  which  accompanied  them,  to  be  equally  brittle,  and  to 
adhere  as  much  to  the  tongue,  and  were  quite  different  in  these 
respects  from  some  bones  from  an  ancient  Qaulish  cemetery  with 
which  they  were  compared  by  M.  Ballard,  a  chemist  of  Montpelier. 

Cuvier'fl  authority,  however,  was  supreme  in  France  on  theee 
questions,  and  he  was  immovable.  I  quoted  in  the  previous  paper 
the  pronouncement  he  made  in  1830  in  the  last  edition  of  his 
famous  '^Discours,"  reaffirming  his  scepticism  as  to  man  having 
been  contemporary  with  the  extinct  animals.  Two  years  later 
he  died. 

In  concluding  this  first  stage  of  the  inquiry  I  would  complete 
it  by  quoting  a  passage  from  Mortillet : — "  Le  grand  Cuvier,  le  p^ 
de  la  pal6ontologie,  a  reconnu  et  proclame  que  Thomme  fossile 
n'exiHta  pas  1  .  .  .  Toujours  le  principe  d'autorite  qui  \ient  barrer 
lo  ohemin  au  libre  examen.  .  .  .  C'est  que  chez  Georges  Cuvier, 
^  coto  du  savant  de  premier  ordre,  d  coto  de  Thomme  de  g6nie 
dont  la  France  et  le  monde  entier  s'honorent,  il  y  avait  I'ardent 
bibliste.  L'illustre  professenr  du  Museum,  oreant  une  science 
nouvelle,  6tait  double  d'un  mediocre  conseiller  d'etat  se  posant  en 
d/jfensour  de  ce  qu'alors,  comme  il  pr68ent,  on  uommait  Tordre  moral. 
Mais  que  pese  et  que  doit  peser  le  sentiment  intoresse  de  Cuvier 
dovant  la  voix  supreme  de  faits  bien  constates."  (**Le  Pr6- 
liistorique,"  pp.  10-11.) 

The  death  of  Cuvier  did  not  stop  the  inquiries  into  the  early 
existence  of  man,  which  now  took  a  more  definite  shape  and  were 
eBpooially  pressed  home  by  Schmerling.  In  1833  Schmerling  pub- 
lished his  famous  "  Kecherches  sur  les  ossemens  fossiles  decouverte 
dans  les  cavernes  de  la  province  de  Liege."  In  this  work  he  seems 
to  me  to  have  established  beyond  all  possible  doubt  the  contem- 
poraneousness of  man  and  the  extinct  animals,  and  he  contests  the 
^  priori  prejudice  of  De  Luc  and  Cuvier,  who  denied  the  existence 
of  fossil  human  bones.  In  regard  to  the  main  question  he  writes — 
and  it  would  be  impossible  to  write  more  wisely  : — "  We  admit  that 
we  are  completely  ignorant  of  the  precise  period  when  man  first 
appeared  on  the  earth.  History  seems  here  to  abandon  us,  and  we 
are  lost  in  the  obscurities  of  mythology  and  of  different  cosmogonies ; 
but  if  antiquity  has  left  us  no  positive  documents  on  the  subject,  it 
yet  informs  us  of  a  certain  intellectual  progress  in  our  race.  No  one 
doubts  that  men  were  once  in  a  state  of  ignorance  in  which  they 
approached  the  brute  creation,  only  caring  for  the  supply  of  their 
immediate  wants.  History  only  gives  us  vague,  uncertain,  and 
even  contradictory  notions  on  the  origin  of  the  early  peoples,  but 
it  seems  imp088il>le  to  doubt  that  man  was  the  witness  of  the  terrible 
revolutions  which  succeeded  each  other  before  historic  times.  .  .  . 
It  is  in  the  great  book  of  Nature  that  we  ought  to  search  for  light 
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when  history  gives  us  only  vague  and  uncertain  information." 
Taming  then  to  bis  own  researches,  he  says  that  what  they  pat 
beyond  doubt  is,  that  human  bones  were  buried  at  the  same  period 
and  by  the  same  cause  as  those  of  the  extinct  animals.  He  then 
goes  on  to  describe  in  detail  the  human  remains,  comprising  those 
of  three  individuals,  which  he  had  found  in  the  cave  of  Engis,  and 
which,  he  said,  were  surrounded  by  those  of  the  elephant,  the 
rhinoceros,  and  of  extinct  carnivores.  He  also  describes  a  larger 
number  of  human  bones  found  in  the  adjoining  cave  of  Engihoul, 
where  they  were  covered  by  stalagmite.  These  bones,  he  says, 
agree  in  colour,  in  the  degree  of  decomposition,  and  in  the  way 
they  occur  with  those  of  the  extinct  beasts  ;  all  the  bones  of  the 
extremities  were  broken,  as  in  the  case  of  the  other  animals,  and 
the  stalagmite  had  penetrated  into  and  covered  the  fractured  faces 
with  a  deposit.  He  concludes  the  detailed  account  of  the  bones 
with  the  words :  **  J'ai  fini  par  conclure  que  ces  restes  humains  ont 
ete  enfouis  dans  ces  cavernes  a  la  memo  epoque,  et  consequent  par 
les  m^mes  causes  qui  y  ont  entraino  une  masse  d'ossemens  de 
differentes  esp^s  eteintes.  .  .  .  L'homme,  sans  contredit, 
existait  avant  le  dernier  bouleversement  de  notre  planete." 

In  a  later  chapter,  in  his  second  volume,  published  in  1834, 
Schmerling  describes  how,  in  an  exploration  subsequent  to  those 
described  in  his  first  volume,  he  had  found  certain  objects  fashioned 
by  human  hands.  Thus,  in  the  cave  of  Chokier  he  found  among 
a  number  of  rhinoceros  teeth  a  triangular  piece  of  bone  cut  from 
another  which  was  artificially  pierced,  roughly  tooled,  and  polished. 
Another  piece  of  bone  found  in  the  Engis  cave  was  pointed  ;  it  was 
partially  covered  with  stalagmite.  In  the  cavern  of  tlie  Fond  de 
Foret  he  found  some  pieces  of  worked  bone  and  horn.  These  he 
figures,  as  he  does  certain  flint  fra<:;raents,  of  whi(;h  ho  says :  "  La 
forme  regnliere  a  frappe,  au  premier  abord.  mon  attention.  Dans 
toutes  les  cavernes  de  notre  ])rovince  ou  j'ai  trouve  des  ossemens 
fossiles  en  abon dance,  j'ai  aussi  rencontre  unequantitu,  ])lus  on  moins 
considerable,  de  ces  silex."  In  regard  to  these  flints  he  says — and 
mark,  this  was  printed  in  1834: — "Ces  silex  sont  d'une  longueur 
et  d'une  largeur  variables ;  ils  ont  une  face  plane  et  une  triangulaire, 
les  faces  etant  u-peu-pres  de  meme  dimension  ;  les  bords  externes 
sont  tres  tranchans,  mais  les  oxtremitoa  sont  obtnses.  Ce  que 
prouve  que  ces  silex  ont  etc  longtemps  exposes  aux  influences 
atmospheriques  avant  d'avoir  etc  enfouis  duns  les  cavernes,  c'est 
qu'ils  sont  tous  converts  d'une  croute  blanchatre  qui,  dans  quelques- 
uns  que  j*ai  brises,  ne  depasso  pas  I'epaisseur  d'une  ligne,  tandis 
que  le  centre  est  d'un  gris  bleuatre.  La  forme  de  ces  silex  est 
tellement  reguli^re  qu'il  est  impossible  de  les  confondre  avec  ceux 
que  Ton  rencontre  dans  la  craie  et  dans  le  terrain  tortiaire.  Toute 
reflexion  faite,  il  faut  adraettre  que  ces  silex  ont  etc  taillos  par  la 
main  de  I'homme,  et  qu'ils  ont  pu  servir  pour  faire  des  fleches  ou 
des  couteaux.  .  .  .  Le  gite  de  ces  os  et  de  ces  silex  n'avait  pas 
laisse  matiere  a  quelque  doute,  c'est  a  dire  que  un  accident 
quelconqae  avait  put  amener  ces  pieces  dans    les    cavernes  apres 
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leur  remplissage.  .  .  .  J'ose  garantie  qa'aucoDe  de  oes  pi^oeB 
n'a  ete  introduite  apr^s  coup.  ...  Si  enfin,  oomme  en  Allemagne 
et  en  France,  plasieurs  de  oes  oavernes  euBsent  6t6  oonnnes  depais 
longtemps,  et  euBsent  servis  k  r6poque  da  moyen  &ge,  sort  de 
refuge  ou  de  cimetiere,  certes  nous  aurions  eu  tort  d'attacher  la 
moindre  importance  aux  debris  que  nous  avons  trouv68 ;  mais  nous 
r6p6tons  que,  tout  oe  que  nous  avons  dit  sur  les  ossemens  humainsy 
est  exact  et  sans  replique.  Le  temps  seul,  au  reste,  d6cidera  jusqu'^ 
quel  point  nous  avons  en  raison  de  nous  exprimer  d'une  mani^ 
anssi  cat^gorique,  et  ancun  geologue  Claire  ne  voudrait  soatenir 
aajourd'hui  que  Thomme  n'existait  point  d  r6poque  ou  nos  oavernes 
ont  6te  combines  du  limon  et  des  fossiles  qu'elles  rec61ent"  This 
is  plain  and  definite,  and  it  is  the  view  now  held  everywhere. 
Unfortunately  his  own  generation  were  deaf  to  Scbmerling's  appeals. 

In  the  supplementary  notes  to  his  Bridgewater  treatise,  pnblished 
in  1837,  Buckland  tells  us  that  in  September,  1835,  he  had  seen  the 
extensive  collection  of  fossil  bones  made  by  M.  Schmerling  in  the 
caverns  of  the  neighbourhood  of  Liege.  He  says : — "  The  human 
bones  found  in  these  caves  are  in  a  state  of  less  decay  than  those  of 
the  extinct  species  of  beasts ;  they  are  accompanied  by  rude  flint 
knives  and  other  instruments  of  flint  and  bone,  and  are  probably 
derived  from  uncivilized  tribes  that  inhabited  the  caves.  Some  of 
the  human  bones  may  also  be  the  remains  of  individuals  who,  in 
more  recent  times,  have  been  buried  in  such  convenient  repositories. 
M.  Schmerling,  in  his  ^Becherches  sur  les  Ossemens  Fossiles  des 
Oavernes  de  Liege,'  expresses  his  opinion  that  these  human  bones 
are  coeval  with  those  of  the  quadrupeds,  of  extinct  species,  found  with 
them  ;  an  opinion  from  which  the  author,  after  a  careful  examination 
of  M.  Scbmerling's  collection,  entirely  dissents."     (Op.  cit,  p.  602.) 

In  the  third  edition  of  his  "  Principles  of  Geology,"  Lyell  merely 
mentions  Scbmerling's  discoveries  and  the  latter's  claim  that  he  had 
found  human  remains  with  those  of  extinct  animals,  but  expresses  no 
opinion  on  them.  This  was  after  he  had  paid  a  visit  to  Schmerling 
in  1833.  Lyell  confesses  that  he  expressed  incredulity  to  his  host 
about  the  alleged  antiquity  of  the  fossil  bones  in  his  ''Antiquity 
of  Man " ;  he  frankly  avows  that  in  the  third  and  subsequent 
editions  of  his  famous  ''Principles"  he  had  failed  to  give  Scbmerling's 
discoveries  the  weight  to  which  they  were  entitled,  and  adds — "  He 

ti.e.  Schmerling]  had  accumulated  ample  evidence  to  prove  that  man 
ad  been  introduced  into  the  earth  at  an  earlier  period  than  geologists 
were  then  willing  to  believe,"  and  he  goes  on  to  excuse  and  apologize, 
like  the  brave  honest  person  he  was,  for  what  he  had  done.  The 
words  are  worth  quoting.  '*  To  have  undertaken,"  he  says,  "  in  1832, 
with  a  view  of  testing  its  truth  [i.e.  the  truth  of  the  discovery],  to 
follow  the  Belgian  philosopher  through  every  stage  of  his  observations 
and  proofs,  would  have  been  no  easy  task  oven  for  one  well  skilled 
in  geology  and  osteology.  To  be  let  down,  as  Schmerling  was  day 
after  day,  by  a  rope  tied  to  a  tree,  so  as  to  slide  to  the  first  opening 
of  the  Engis  cave,  where  the  best  preserved  human  skulls  were 
found  ;    and,  after  thus  gaining  access  to  the  first  subterranean 
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gallery,  to  creep  on  all  fours  through  a  contracted  passage  to  larger 
chambers,  there  to  superintend  by  torchlight,  week  after  week  and 
year  after  year,  the  workmen  who  were  breaking  through  the 
stalagmitic  crust,  as  hard  as  marble,  in  order  to  remove  piece  by 
piece  the  underlying  bone-breccia,  nearly  as  hard  ;  to  stand  for  hours 
with  one's  feet  in  the  mud,  and  with  water  dripping  from  the  roof 
on  one's  head,  in  order  to  mark  the  position  and  guard  against  the 
loss  of  each  single  bone  of  a  skeleton ;  and  at  length,  after  finding 
leisure,  strength,  and  courage  for  all  these  operations,  to  look 
forward  as  the  fruits  of  one's  labour,  to  the  publication  of  unwelcome 
intelligence,  opposed  to  the  prepossessions  of  the  scientific  as  well  as 
of  the  unscientific  public ; — when  these  circumstances  are  taken  into 
acoount,  we  need  scarcely  wonder,  not  only  that  a  passing  traveller 
faUed  to  stop  and  scrutinize  the  evidence,  but  that  a  quarter  of 
a  century  should  have  elapsed  before  even  the  neighbouring 
professors  of  the  University  of  Liege  came  forth  to  vindicate  the 
truthfulness  of  their  indefatigable  and  clear-sighted  countryman." 
That  is  a  handsome  reparation,  but  it  came  long  after  Schmerling 
had  gone  away  to  other  hunting-grounds.  He  died  in  1836,  a  poor 
and  disappointed  man.     Let  us  all  take  our  hats  off  to  him  ! 


IV. — Further  Note  on  the  Westleton  Beds.* 
By  Horace  B.  "Woodward,  F.R.S. 

rpHE  view  expressed  in  1882  that  the  Westleton  Beds  of 
JL  Westleton,  in  Suffolk,  form  part  of  the  Middle  Glacial  division 
of  S.  V.  Wood,  jun.,  was  strengthened  by  observations  made  at 
Southwold  in  1895,  and  is  supported  by  sections  examined  last  year 
near  Lowestoft.* 

In  Prestwich's  original  description  of  the  "  Westleton  Sands  and 
Shingle,"  he  remarked  that  "  they  attain  a  thickness  of  from 
30  to  40  feet,  and  consist  of  a  series  of  stratified  beds  of  well- 
rounded  flint-pebbles  imbedded  in  white  sand,  and  with  two  or 
three  subordinate  beds  of  light-coloured  clay."  ^  Tlicse  are  the 
true  Westleton  Beds,  which  are  exposed  in  pits  on  Westleton  Moor 
or  Common,  and  which  extend  across  Westleton  Heath  to  the  cliff 
at  Dunwich,  where  they  rest  on  the  Crag  Series  and  are  overlain  by 
Chalky  Boulder-clay. 

In  his  later  paper  on  the  Westleton  Beds,  Prestwich  took  into  the 
group  a  greater  thickness  of  strata  at  Westleton,  his  "General 
Section "  including  20  feet  of  "  white  sand  passing  down  into 
ochreous  pebbly  sands  with  a  few  large  unworn  blocks  of  flint  and 
some  ironstone  bands  and  concretions,"  which  occurred  below  the 
mass  of  the  Westleton  Beds,  so  clearly  described  in  his  preceding 
statement.^  Altogether  he  took  in  about  o4  feet  of  strata,  and 
although   he   mentioned   that   no   fossils   were   met   with   in    this 

'  Read  before  the  British  Asaociation,  Section  C  (Geolog\'),  Glasgow,  Sept.,  1901. 
«  Geol.  Mao.,  Dec.  II,  Vol.  IX,  p.  452  ;  Dec.  IV,  Vol.  Ill,  p.  357. 
3  Qaart.  Joum.  Geol.  Soc,  1871,  vol.  xxni,  p.  461. 
♦  Ibid.,  1890,  vol.  xJvi,  p.  96. 
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**  General  Section  on  Westleton  Common,"  yet  in  another  pit  on 
the  Common  he  found  '*  in  digging  a  few  feet  lower,  a  sandy  clay 
with  very  friable  specimens  of  TeUina  and  Natica" 

There  can  be  little  doubt  that  in  this  ''  General  Section  '*  the 
lower  white  and  ochreous  pebbly  sands  belong  to  the  Crag  Series, 
upon  which  as  at  Dunwich  the  Westleton  Beds  directly  rest ;  and 
that  this  Pliocene  formation,  eis  Mr.  Whitaker  has  shown,  occupies 
a  large  area  and  forms  a  great  portion  of  the  Dunwich  cliff.* 

In  my  opinion  Prestwich's  original  section  (though  diagrammatic) 
expresses  the  facts  better  than  do  his  later  statements.  Therein 
the  Westleton  Shingle  at  Dunwich,  that  directly  underlies  the 
Boulder-clay,  was  rightly  placed  by  him  in  the  Middle  Glacial 
("  Boulder  Sands  and  Gravels  "),  while  he  grouped  the  beds  at  the 
base  of  the  cliff,  which  are  well  known  to  be  Crag,  with  the  mass 
of  the  pebble-beds  of  Southwold.  With  this  latter  correlation  also 
I  entirely  agree ;  both  belong  to  tlie  Crag  Series,  though  Prestwich 
grouped  both  as  Westleton  sands  and  sliingle.  Thus  troubles  arose 
from  the  correlation  of  the  Southwold  shingle  with  that  at 
Westleton,  and  they  have  been  complicated  by  the  inclusion  of  part 
of  the  Crag  Series  at  Westleton  with  the  Westleton  Beds.* 

Mr.  C.  Keid  has  pointed  out  that  the  shelly  exposures  which  have 
been  noted  in  the  Southwold  pebbly  gravel  in  the  cliff  north  of  the 
town,  at  a  pit  on  the  Lowestoft  Road,  and  at  Southwold  Station, 
contain  a  fauna  identical  with  that  of  the  Norwich  Crag.'  As  we 
pass  on  to  Easton  Bavent  we  again  see  a  mass  of  similar  pebbly 
gravel,  divided  by  a  band  of  Chillesford  Clay  which  thickens 
northward  ;  and  the  whole  in  my  opinion  belongs  to  the  Crag  Series, 
with  the  exception  perhaps  of  a  thin  gravelly  covering  here  and 
there.  These  beds  are  not  to  be  compared  with  the  30  or  40  feet 
of  Westleton  Beds  at  Westleton.  As  Mr.  A.  E.  Salter  has  remarked, 
here  "  we  have  two  distinct  kinds  of  gravel."  * 

A  section  identical  with  that  on  Westleton  Common  is  to  be  seen 
in  a  large  pit  north  of  the  Southwold  railway,  where  it  branches  off 
from  the  main  line.  No  one  would  dispute  that  here  we  have  the 
true  Westleton  Beds,  and  here  they  are  overlain  by  the  Chalky 
Boulder-clay,  which  was  lately  so  well  exposed  in  the  adjacent 
cutting  by  Halesworth  Station. 

A  glance  at  the  Geological  Survey  Map  shows  that  the  separation 
of  the  pebble-beds  from  the  Glacial  sands  and  gravels  may  often  be 
taken  as  a  lithological  rather  than  as  a  stratigraphical  division,  and 
that  there  is  work  still  to  be  done  in  separating  Pliocene  from 
Glacial  deposits. 

There  is  abundant  evidence  to  show  that  the  buff  sands  which 
characterize  the  Middle  Glacial  Drift  over  large  areas  in  East  Anglia 
do  contain  bands,  and  here  and  there  masses,  of  shingle  like  that  of 
Westleton. 

1  »'Geolo.p:y  of  Southwold"  (Geol.  Survey),  1887. 

-  Proc.  Geol.  Assoc,  vol.  xv,  p.  440. 

3  •«  riiooene  Deposits  of  Britain,"  p.  104. 

*  Proc.  Geol.  Assoc,  1896,  vol.  xiv,  p.  398. 
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At  Pakefield  gap  the  Boulder-clay  is  well  seen  oocupying  a 
hollow  above  the  Middle  Qlacial  sand,  which  contains  occasional 
seams  of  shingle.  Further  on,  towards  Lowestoft,  near  the  Grand 
Hotel  at  Kirkley,  the  cliff  shows  the  sands  with  shingle  dovetailing 
into  it,  and  forming  the  mass  of  the  cliff  to  a  height  of  15  feet. 
Below  the  Grand  Hotel  a  similar  section,  for  the  most  part  shingle, 
is  to  be  seen. 

Here  we  have  conclusive  evidence  that  the  Middle  Glacial  sands 
are  replaced  by  shingle  identical  in  character  with  the  Westleton 
Beds  of  Westleton.  The  occurrence  of  this  pebble-bed  in  the 
Middle  Glacial  sand  was  noted  by  J.  H.  Blake,  but  its  significance 
was  not  pointed  out.^ 

Again,  a  large  gravel -pit  east  of  Oulton  Broad  (formerly  Mutford) 
Station  shows  about  40  feet  of  white  and  buff  sands  passing  down 
into  a  mass  of  shingle,  with  the  sand  dovetailing  into  it  as  in  the  cliff 
at  Eirkley. 

In  the  oountry  to  the  north,  between  Lowestoft  and  Loddon, 
Beedham  and  G^rleston,  there  are  other  sections,  as  at  Thorpe-next- 
Haddiscoe,  which  furnish  similar  evidence.' 

In  this  region  we  are  also  brought  into  contact  with  a  newer 
pebbly  gravel,  which  has  been  largely  derived  from  the  Middle 
Glacial  shingle-beds.  It  is  on  the  whole  coarser  and  more  inter- 
mixed with  angular  and  subangular  flints  than  the  local  shingle- 
beds  of  Oulton,  Kirkley,  Halesworth,  and  Westleton ;  but  very 
different  from  the  boulder  or  *  cannon-shot '  gravel  of  Mougehold, 
near  Norwich.  It,  however,  forms  a  portion  of  the  **  plateau  gravel, 
sand,  and  loam  '*  mapped  and  described  by  J.  H.  Blake  as  newer 
than  the  Chalky  Boulder-clay.^  It  is  interesting  and  at  times 
perplexing.  Sections  along  the  new  Yarmouth  and  Lowestoft 
direct  railway  north-west  of  Belle  Vue  Park,  Lowestoft,  and  in  the 
Oulton  pit  (before  mentioned),  show  masses  of  this  rather  coarse 
pebbly  gravel  resting  in  places  with  apparent  couformity,  and 
elsewhere  with  marked  irregularity,  on  the  Middle  Glacial  sands 
and  gravels.  There  would,  however,  be  no  justification  in  making 
a  distinction  were  it  not  the  fact  that  the  coarser  gravel  does  extend 
over  the  Chalky  Boulder-clay,  as  may  be  observed  in  a  large  sand- 
pit east  of  Burton  Cottages  on  the  western  side  of  Lowestoft. 

Above  Normanston,  at  the  brickworks  along  Woods  Loke,  west 
of  St.  Margaret's  Church,  Lowestoft,  the  Boulder-clay  is  overlain 
by  a  bed  of  brown  laminated  carbonaceous  loam,  somewhat  disturbed 
in  places,  and  with  pockets  of  sand  and  gravel.  The  li)amy  bed 
may  perhaps  be  compared  with  the  lacustrine  bed  at  South  Elmham 
described  by  Mr.  C.  Candler ;  *  at  any  rate,  it  appears  to  mark 
a  stage  prior  to  the  accumulation  of  the  Plateau  gravel,  which  rests 
irregularly  on  any  of  the  older  drifts. 

'  '*  Geology  ot  Yarmouth  and  Lowestoft*'  (Geol.  Survey),  1800,  \).  118 . 
-  Geol.    Mao.,    1882,    p.   455;    see   also   J.   II.   Blake,    (reol.    Vniuidutli    and 
Lowestoft,  pp.  43.  44,  etc. 
'"  Geol.  Yarmouth  and  Lowestott,  pp.  T),  44,  .')7,  61. 
*  Quart.  Journ.  Geol.  Soc,  vol.  xJv,  p.  504. 
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In  this  region  of  East  Anglia  we  have  evideace  of  pebbly  gravels 
in  the  Crag  Series,  in  the  Middle  Glacial  (Westleton  Beds),  and  in 
the  Plateau  Drift. 

Where  one  gravel  is  largely  derived  from  another  and  is  welded 
on  to  it,  there  must  often  be  difficalty  in  fixing  a  plane  of  demaroa- 
tion,  as  there  would  be  (in  the  absence  of  fossils)  in  separating 
other  strata  of  identical  lithological  character. 

Similar  occurrences,  observed  in  Egypt  by  Mr.  H.  J.  L.  Beadnell, 
where  Cretaceous  and  Eocene  clays  appear  to  merge  together,  though 
not  in  uninterrupted  sequence,  have  been  aptly  referred  to  by  him  as 
"  unconformable  passage-beds,'*  ^  The  term  is  at  any  rate  a  useful 
one  to  bear  in  mind  in  connection  with  gravels,  ancient  and  modem. 


V. — The  Petrogbaphioal  Chabaots&s  of  the  DabjIlinq  Gnsiss. 

By  John  Farkinbon,  F.G.S. 

WELL  known  as  Darjiling  is  to  nearly  every  stray  traveller 
in  India,  the  solid  geology  of  the  district  has  been  left 
almost  (I  believe  quite)  untouched  since  the  publication  of  Mallet's 
paper-  in  1874.  There  the  Darjiling  gneiss  was  described  as  the 
metamorphosed  representative  of  the  sedimentary  Gondwana  rooks 
of  the  south,  and  has  so  remained,  albeit  under  protest,  for  a  dis- 
claiming paragraph '  appears  in  the  Manual  of  the  Geology  of  India. 
In  the  report  of  the  Committee  *  on  the  recent  landslip  at  Darjiling 
it  is  stated  that  the  rock  of  the  country  consists  of  ''  a  well  foliated 
and  banded  biotite  gneiss  with  occasional  lenses  £md  deformed  veins 
of  granitic  rock  " ;  moreover,  that  '*  the  foliation  planes  are  often 
highly  contorted";  and  Mallet  defines  it  as  true  gneiss  "passing 
into  mica  schist  or  an  intermediate  variety."  These  descriptions  are 
meagre,  and  it  is  hoped  that  the  following  notes  on  specimens 
collected  by  the  author  may  not  be  superfluous. 

Description. 

The  gneiss  outcropping  near  the  Jelapahar  Boad,  on  the  eastern 
side  of  the  ridge  on  which  Darjiling  stands,  is  a  streaky  or 
roughly  banded,  rather  massive  rock,  the  planes  of  greatest 
fissility  glittering  with  black  mica  and  containing  a  few  pink 
garnets  the  size  of  a  small  pea.  In  a  thin  section  (Fig.  1)  the 
mica  is  the  most  conspicuous  mineral.  It  is  a  dark  green  to  reddish 
brown  for  vibrations  parallel  to  the  basal  plane,  and  of  a  deep  straw 
colour  for  those  at  right  angles.  The  irregularly  shaped  garnets 
are  very  pale  pink  in  colour,  cracked,  and  rather  dirty.  The  colour- 
less constituents  slightly  predominate,  and  consist  largely  of  quartz 
with  orthoclase  and  plagioclase ;  some  crystals  of  the  former  felspar 
exhibit  a  microperthitic  intergrowth ;  the  latter  is  rare  and  apparently 

^  Report  iii,  Geol.  Survey  of  Egypt,  Cairo,  1901. 
2  Mem.  Geol.  Surv.  Ind.,  1874,  vol.  xi,  pt.  1. 
5  Geology  of  India,  2nd  ed.,  p.  76. 

*  Report  of  the  Committee  on  the  Landslip  at  Darjeeling,  September,   1899 ; 
published  October,  1899. 
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albite  or  oligodase.  The  quartz  also  oocurs  sparingly  as  'quartz 
yermicul6.'  ^  In  addition,  the  rook  contains  a  few  grains  of  ziroon 
and  some  crystals  of  an  iron  oxide,  probably  hematite.  This 
completes  the  list  of  constituents  with  the  exception  of  a  fibrous 
mineral  seemingly  derived  from  the  mica.  Loss  of  the  characteristic 
colour  and  pleochroism  precede  the  assumption  of  the  fibrous 
appearance.  It  then  consists  of  a  felted  mass  of  crystals  which  are 
of  a  brown  colour  in  the  aggregate  by  an  ordinary  light  and  exhibit 
a  rather  vivid  polarization.  Finally,  the  brown  colour  is  entirely 
lost  and  the  constituent  crystals  fray  out  in  a  brush-like  way.  The 
mineral  is  no  doubt  sillimanite,  and  the  thin  section  as  a  whole 
forcibly  recalls  some  of  the  fibrolite  and  cordierite  gneisses  of 
Germany.  The  Darj  iling  rock  is  therefore  a  gametiferous  sillimanite 
gneiss,  in  which  the  presence  of  cordierite  is  to  be  suspected.  This 
mineral  no  doubt  does  occur,  but  the  rock  has  suffered  slightly  from 
pressure  and  the  felspars  are  usually  fresh  and  unaltered  ;  facts  not 
conducive  to  the  ready  determination  of  such  a  mineral  as  cordierite, 
which  appears  to  be  free  from  its  characteristic  decomposition 
products.  The  inclusion  of  one  mineral  by  another  is  a  characteristic 
feature  ;  e.g.,  rounded  *  spots '  of  mica  are  often  present  in  the  quartz, 
or  of  quartz  in  the  felspar.  The  larger  quartz  grains  are  much 
cracked  and  the  lines  of  fracture  marked  by  infiltrated  substances. 
A  cementing  of  the  parts  has,  however,  always  taken  place. 

A  specimen  from  a  roadside  outcrop  below  Tigar  Hill  is  a 
massive  rock  with  a  distinct  foliation  ;  ^  distinguished  by  a  large 
quantity  of  silvery-brown  mica,  many  of  the  flakes  measuring 
15  inch  across.  In  a  thin  section  two  micas  are  conspicuous — 
a  reddish  brown,  recalling  that  of  some  Kinzigites,  and  a  white. 
They  occur  closely  associated,  so  that  thin  lainina9  of  the  brown 
mineral  are  found  inserted  parallel  or,  occasionally,  transversely 
to  the  bswal  cleavage  of  the  white.  Sillimanite  is  locally  mixed  up 
with  films  of  the  latter,  and  possibly  the  rock  contains  cordierite. 
Felspar  is  rare,  and  the  slide  contains  much  quartz,  exhibiting  very 
irregular  outlines.  Some  large  apatite  grains  (1  inch  across),  con- 
siderably cracked,  are  also  characteristic,  as  well  as  numerous  small 
zircons.  A  pale  yellow  stain,  together  with  the  absence  of  a  basal 
cleavage,  in  some  of  the  white  micas  suggest  this  mineral  is  not 
always  normal.  A  third  specimen,  collected  near  the  last,  shows 
a  well-marked  wrinkled  structure.  It  contains  a  few  irregular,  but 
not  torn,  garnets,  and  a  good  deal  of  sillimanite  associated  with 
white  filmy  mica,  as  in  the  preceding  slide. 

The  rock  figured  is  the  common  type  of  the  Darj  iling  gneiss,  and 
in  this  bands  of  finer  texture  occur,  one  of  which  from  the  Rungeet 
Eoad   has  been  sliced.     Macroscopically,  the  constituent  minerals 

*  By  thifl  term  is  meant  the  thread-like  intergrowth  of  quartz  in  felspar.  The 
branching  threads  are  grouped  often  in  a  kind  of  bunch,  not  uncommonly  radiating 
from  a  point.  In  the  examples  I  have  met  with  I  believe  it  to  be  an  original 
structure. 

^  This  rock  differs  in  appearance  from  the  others  that  I  collecte<l.     The  specimen 
i?  browner  in  colour,  the  flakes  of  mica  more  conspicuous,  and  the  iolialiou  \^» 
marked. 
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are  only  jast  diecemible  to  the  naked  eye,  and  the  presenoe  of  mioft 
gives  it  a  uniform  grey  tint.  Part  of  t!ie  apeoimen  is  a  muoh 
ooarBer  oompound  of  quartz  and  rather  decomposed  felspar,  with 
but  a  few  flakes  of  mioa,  and  containing  a  b&nd,  -1  to  -15  inoh 
thiok,  consisting  almost  entirely  of  the  last-named  mineraL  The 
thin  section  shows  the  part  of  finer  grain  to  consist  of  the  following 
oonetituents,  the  whole  rather  crushed :  brown  mioa  whioh  is 
plentiful,  some  white  mica  in  part  secondary,  ziroon  fairly  oommon, 
garnet  rare,  quartz  the  most  abundant  mineral,  orthoolase  and 
pl&gioolase.  The  felspars  are  oommoner  in  some  parts  of  the  slide 
than  in  others.  The  plagioolase,  whioh  appears  ta  be  albite  or 
oligoolase,  is  often  rather  nnusually  transluoent  The  qaartz  forma 
large  irregular  grains,  and  occasionally  occurs  as  quartz  Tennioal& 
The  orthoclase  frequently  contains  a  micropertbite  intargrowth. 
Sillimanite  is  found  in  another  specimen  from  the  same  locality. 


rri-gulur  cryital  of  ^raet 
„  .  Near  it  are  eryitali  of 
wniw  mica  \m.w.).  luo  ceuire  of  Ihe  iield  is  occupii'd  bf  brown  mici  (m.^.) ; 
bual  ■ections  ure  cross -hstthed.  Sillimnnite  {)l.)  is  eccD  on  the  lettside.  Tbe 
rest  of  the  aectioa  is  composed  of  otthockae  [of.),  quoitz  (}.),  and  a  single  ^nua 
of  aphene  (>.)■ 

Amongst  a  pile  of  trimmed  blocka  by  the  roadside,  I  found  one 
with  a  hard  nodule-tike  'eye'  some  six  inches  across,  surrounded 
by  the  ordinary  gneiss.  The  whole  of  the  periphery  was  not  seen, 
but  the  mica  foiis  of  the  gneiss  appeared  to  bend  round  it.  Fracture, 
texture,  and  composition  distinguish  this  inclusion  from  the  ordiriary 
rock.  It  ia  bard  and  compact  with  no  conspicuous  foliation,  and 
breaks  with  almost  equal  ease  in  any  direction.  It  has  a  rather 
dirty  grey  appearance  from  the  presence  of  black  specks  of  mioa, 
■007  inch  and  under  in  leugtli,  and  it  is  faintly  mottled  by 
pinkish  patches  consisting  of  olusterB  of  garnet  grains,  each  group 
being  roughly  'I  inch  across.  Uniler  the  microscope  two  principal 
constituents  appear  in  addition  to  the  garnet,  viz.  quartz  and  felspar. 
Tbe  latter  foims  an  allotriomorpliic  network,  indented  and  embayed 
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by  Urge  quartz  oTystale  and  boueyoombed  by  a  pegmatitio  inter- 
grovrtb  of  tbe  same  mineral.  A  large  grain  adjaceat  to  a  felspar 
does  not  aa  a  rale  wad  o&hoots  into  it.  Only  small  groops  of  the 
qnartz  granules  polarize  together,  though  we  find  exoeptionB.  Nearly 
(me-balf  of  the  felspar  shows  no  twinning,  and  the  remainder, 
judging  by  tbe  extinction  tneaaured  parallel  to  tbe  trace  of  the 
plane  of  twinning,  is  macb  more  basic  than  might  be  sappoeed, 
symmetrical  angles  ranging  from  35°  to  40°.  The  larger  quartz 
grains  exhibit  rows  of  inclusions  parallel  the  one  to  the  other. 
The  garoete  are  a  pais  claret-red,  subangular  in  outline,  and 
occasionally  making  an  attempt  at  idiomorphism,  and  rather  cleaner 
than  those  of  tbe  gneiss.  Qrains  of  zircoa  and  sphene  are  act 
DQcommon.  Flakes  of  brown  mioa  are  scattered  sparingly  and 
nther  irregularly  across  the  slide. 


Fic.  2— Xoilule-Uke  inoluiion,  x  30.  Near  tbe  centre  of  tlie  stage,  or  ilightly 
below  it,  the  followin"  lottirs  are  placed  bi  indicate  the  varioui  conBtiluants : 
?(.  fomet,  p.  plafriorjine  [(ainllj- dotted),  yr.  graphite,  q.  quartz  (eolourleM), 
1. '-  idocriup,  ).  aphenF,  The  small  coloiirles?  miprolitt"  mentioned  in  the  t«it 
are  aim  indicated . 

Passing  away  from  tbe  centre  of  this  '  eye '  towards  the 
Burronnding  gneiss,  we  find  that  this  hard  and  compact  rock 
graduates  into  one  of  slightly  granular  texture,  rather  whiter  and 
containing  larger  flakes  of  brown  mica  and  less  clear  garnet  spotR. 
A  thin  section  cut  near  the  junction  shows  the  latter  mineral 
associated  with  some  good-sized  crystals  of  sphene.' 

On  the  western  side  of  the  ridge  the  same  general  characters  are 
repeated.  Thus,  on  the  road  from  Darjiling  to  Ghoom,  a  common 
type  of  the  gneiss  contains  numerous  streaks  or  elongated  lenticles 
of  quartz  and  felspar,  arranged  usually  in  an  undulating  manner  and 
occasionally  retort-shaped  in  section.  The  rock  weathers  to  a  grey 
tint  and  contains  characteristically  a  rather  Isrge  quantity  of  mica. 
A  hard  lenticle  or  eye,  resembling  that  noticed  as  occurring  in  the 
gneiss  of  tho  Rnngeet  Road,  was  found  in  this  rock.  The  length  was 
I  Occsdonally  -02  inch  Long,     The  slide  contains  s  little  augite. 
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about  9  inches,  the  thickness  2*5  inches.    The  specimen  was  rather 
darker  in  colour  than  that  above  described,  with  a  siliceous  aspect, 
and  faintly  mottled  with  red  garnets  (Fig.  2).    The  quartz  grains 
are  subangular  in  outline,  occasionally  e^ibiting  crush  shadows. 
They  contain  very  many  small  crystals  of  a  colourless  mineral  in 
the   form   of  prisms   having  lath  -  shaped  sections,   which   I  am 
unable  to  name.      The  groups  of  garnet  grains   show  a  distinct 
attempt  at  a  general  linear  arrangement,  and  a  similar  elongation 
occurs  in  all  the  minerals.     The  slide  contains  sphene  and  at  least 
two   other  minerals  which  are  noteworthy.      I    am   indebted  to 
Canon   T.   6.  Bonney  for  suggestions  concerning   these.      First, 
a  considerable  quantity  of  an  opaque  mineral  characterized  by  its 
elongated  shape  (commonly  about   '0038  x  '00055  inches).     The 
outlines  are  rather  jagged  and  uneven,  the  colour  by  incident  light 
is  grey,  and   the   lustre  metallic.     It  is  associated   with  a   little 
specular  iron,  which  is  also  met  with  elsewhere  in  the  slide.     In 
order  to  test  the  streak  I  powdered  a  small  quantity  of  the  rook, 
aud  by  means  of  a  lens  isolated   a  few  of  the  black  flakes  and 
pressed   them   with   a   knife   blade    upon    a    sheet  of  notepaper. 
They  yielded  readily  to  the  pressure  and  left  a  dull  grey  mark. 
I  concluded,  accordingly,  that  the  mineral  is  graphite.     It  occurs, 
though  less  plentifully,  in  slides  of  other  nodular  eyes.     The  second 
mineral  usually  forms  small  and  more  or  less  rounded  grains.     An 
idiomorphic  outline  is  sometimes   indicated  by  the   occurrence  of 
stumpy  rectangles,   (extinction   takes  place  parallel   to  the  sides) 
with  unequally  truncated  corners.     The  refractive  index  is  higher 
than  that  of  apatite,  to  which   we  see   a  resemblance  in  double 
refraction,  slightly  bluish  colour,  roughened   aspect,   and   absence 
of  cleavage.     A  grain  occasionally  appears  isotropic.     I  incline  to 
refer  the  mineral,  but  with  hesitation,  to  idocrase. 

Another  specimen  from  the  same  locality,  ets  seen  in  a  thin 
section,  consists  of  a  network  of  large  quartz  grains  and  very 
irregular  plagioclase,  exhibiting  as  before  much  micropegmatitio 
quartz.  Garnets,  some  dozen  grains  of  sphene,  and  a  number  of 
mica  flakes  make  up  the  rest  of  the  slide. 

On  the  western  side  of  the  Darj fling  ridge,  near  St  Joseph's 
College,  scattered  sections  of  the  gneiss  are  found  sufficient  to 
enable  its  characters  to  be  studied.  The  rock  is  frequently  gnarled 
with  irregular  bands ;  once  I  saw  such  a  one.  rich  in  quartz  and 
felspar,  diminish  in  thickness  in  3  feet  from  9  inches  to  2*5  inches. 
Close  by,  a  broad  band  at  least  a  foot  across  was  streaked  and  veined 
irregularly  by  darker,  i.e.  by  more  micaceous,  material.  Parallel  to 
this  were  others  shaped  like  very  elongated  lenticles.  Again,  the 
gneiss  on  Birch  Hill  Boad  was  occasionally  beautifully  puckered 
in  successive  V's ;  and  some  infiltration  veins  had  been  formed 
subsequently  to  the  folding,  llie  gneiss  in  sit-d  about  three- 
quarters  of  a  mile  from  Darjiling  is  a  finely  foliated,  slabby  rock 
of  medium  grain,  containing  a  considerable  quantity  of  mica. 
A  thin  section  discloses  the  presence  of  sillimanite,  white  and 
brown  micas^  and  a  few  irregular  pinkish  garnets  about  *04  inch 
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across.  The  very  irregular  grains  of  quartz  are  frequeutly  craoked 
and  show  crush  shadows.  Plagioclase  is  not  uncommon,  zircon 
as  hefore,  and  some  quartz  vermicule.  Possibly  the  rock  contains 
oordierite. 

ConelusionB, 

One  characteristic  feature  of  the  rock,  the  irregular  outline  of 
the  grains  and  the  inclusion,  or  partial  inclusion,  of  one  mineral 
by  another,  may,  in  my  opinion,  be  best  explained  as  the  result  of 
movement  in  a  somewhat  viscous  mass.  The  cracked  quartzes 
and  garnets,  the  lines  of  fracture  in  which  are  now  healed,  together 
with  a  confused  grouping  often  found  among  the  smaller  particles 
of  quartz  and  felspar,  indicate  that,  at  one  time,  the  rock  has 
suffered  from  the  efifects  of  crush,  from  which  it  subsequently, 
more  or  less  completely,  recovered.  The  outlines  of  the  quartz 
and  felspar,  which,  as  just  remarked,  may  be  accounted  for  by 
floxional  movement,  at  the  same  time  suggest  that  pressure  has 
been  at  work  forcing  them,  as  it  were,  into  the  minimum  space. 

The  presence  of  sillimanite  and  probably  of  oordierite,  which 
render  the  alumina  percentage  unusually  high,^  may  possibly  be 
due  to  an  incorporation  of  argillaceous  material,  although  no  obvious 
reason  exists  why  the  magma  may  not  have  been  exceptionally  rich 
in  this  constituent  from  the  beginning.  However  this  may  be,  the 
Baijiling  gneiss  is  certainly  not  a  result  of  the  metamorphosis  of 
Grondwana  beds. 

Another  point  requiring  elucidation  is  the  presence  of  the  hard 
siliceous  *  eyes.'  Conceivably  during  the  movement  preceding  its 
solidification,  the  mai^jma  picked  up  small  fragments  of  a  foreign 
rock,  which,  being  softened  and  permeated  by  their  liquid 
surroundings,  have  resulted  in  the  mineral  assemblage  seen.  The 
graphite  must  have  formed,  if  not  from  igneous  fusion,  then  from 
a  state  closely  approaching  it.  The  structure  as  a  whole  is 
indicative  of  crystallization  where  freedom  of  molecular  movement 
was  restricted.' 

To  Canon  T.  G.  Bonney  I  am  indebted  for  many  valuable 
suggestions  which  are  embodied  in  the  preceding  notes. 
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L— Ice-Erosion  in  the  Cuillin  Hills,  Skye.  By  Alfred 
Harker,  M.A.,  F.G.S.  Trans.  Royal  Soc.  Edinburgh,  1901, 
vol.  xl,  pt  2,  pp.  221-252. 

^pHOSE  who  are  interested  in  hill-climbing  will  know  that 
X  **  Sligachan,  in  Skye,  is  the  rock-climbing  centre  par  excellence 
of  the  British  Isles  "  ;  and  as  Mr.  Charles  Pilkington  further  remarks 
in  the  fascinating  Badminton  volume  on  Mountaineering,  "The 
Alpine  climber  will  find  an  additional  interest  in  the  district  from 

^  See  Mr.  J.  J.  H.  Teall'sPres.  Address  to  Geol.  Assoc,  Proc.  Gaol.  Assoc,  1899, 
vol.  xri,  pp.  72,  73. 
'  See  paper  by  Canon  T.  G.  Bonney,  Quart.  Jouni.Geol.  Soc,  1891,  vo\.  i\V\\,^.\^b. 
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the  remarkable  indioationB  of  former  glaciers;  in  some  places  it 
woald  seem  as  if  they  had  disappeared  but  a  few  years  previously, 
and  oooasionally,  whilst  climbing  some  smoothly  rounded  buttress, 
one  almost  expects  to  see  the  ice  itself  creeping  through  the  next 
depression." 

More  than  fifty  years  ago  J.  D.  Forbes  drew  attention  to  the 
traces  of  ancient  glaciers  in  the  Cuillin  Hills,  but  it  has  remained 
for  Mr.  Alfred  Harker  to  work  out  and  portray  in  masterly  style  the 
somewhat  complex  glacial  history  of  this  mountainous  region. 

The  Cuillins,  though  formed  of  rocks  wholly  younger  in  age  than 
the  London  Clay,  are  better  entitled  to  take  rank  as  mountains  than 
any  other  elevations  in  Britain.  The  main  range  tcdces  a  semi- 
circular form ;  it  is  built  up  of  a  great  laocolitic  mass  of  gabbro, 
and  its  sharp  and  rugged  peaks  rise  in  many  places  above  8,000  feet 
Separated  from  these  by  Glen  Sligachan  is  a  range  of  '  Red  Hills ' 
formed  of  granite  and  granophyre,  whose  smooth  and  dome-like 
elevations,  mostly  under  2,500  feet,  appear  in  marked  contrast 
both  in  colour  and  outline  with  their  dark  and  grim  neighbours. 
Those  who  tread  the  stony  track-way  from  the  Sligachan  Hotel  to 
Loch  Coruisk,  may  feel  fatigue  at  the  end  of  their  journey,  but 
they  cannot  fail  to  be  fascinated  with  the  grandeur  of  the  Qlen. 

Mr.  Harker  points  out  that  during  the  period  of  maximum 
glaciation  these  Skye  mountains  sustained  a  small  local  ice-oap, 
round  which  the  great  Scottish  ice-sheet  flowed  north-westwards 
and  south-eastwards,  traversing  the  peninsula  of  Sleat,  the  islands 
of  Pabba  and  Raasay,  and  that  portion  of  Skye  which  lies  north 
of  Portree.  Both  the  Cuillins  and  the  Bed  Hills  afiforded  gathering- 
ground  for  the  local  ice,  under  which  they  came  to  be  wholly  buried, 
for  its  thickness  was  probably  not  less  than  3,000  feet  This  local  ice 
and  that  of  the  Scottish  sheet  were  in  equilibrium  for  a  long  time 
along  their  line  of  confluence ;  but  the  movements  of  the  local  ice 
are  indicated  by  the  directions  of  stride  on  rock-surfaces,  and  by  the 
distribution  of  boulders  of  local  and  recognizable  rock-types.  There 
is  a  noticeable  absence  of  foreign  boulders  in  central  Skye,  except 
near  the  shore,  where  they  occur  occasionally  up  to  as  much  as 
75  feet  above  sea-level.  Along  this  margin,  however,  there  are 
relics  of  the  '  hundred  foot '  raised  beach,  which  prove  that  the  land 
stood  lower  by  that  amount  at  the  close  of  the  Glacial  Period. 

Interesting  observations  are  made  on  the  movement  of  the  ice 
during  the  great  glaciation,  and  it  is  pointed  out  that  the  strise 
necessarily  give  only  the  direction  of  movement  of  the  lower  layers 
of  the  ice,  and  this  appears  to  be  true  also  in  great  measure  of  the 
dispersal  of  boulders. 

The  natural  outward  flow  of  the  ice  was  in  general  closely  guided, 
as  regards  its  lower  layers,  by  the  form  of  the  ground,  but  as  the 
land  for  many  miles  from  the  Cuillins  was  wholly  buried  in  ice, 
the  form  of  the  ground  exerted  only  a  partial  control  over  the 
direction  of  flow.  Thus  it  is  not  improbable  that  the  upper  layers 
followed  in  places  a  somewhat  dififerent  course  from  that  proved 
with  regard  to  the  lower  layers. 
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The  aatlior  points  out  that  while  the  oarving  oat  of  the  main 
fdatorea  of  moantain  and  valley  was  dae  to  aqueoas  erosion  in 
pre-Olaoial  times,  the  aotual  details  of  the  relief  are  dae  to  the 
action  of  ioe  and  frost  daring  the  Great  loe  Age.  Before  glaoiation 
the  drainage  system  was  a  folly  established  one,  and  erosion  was 
practically  at  a  standstill,  as  it  is  under  present  oonditionsJ  Hence 
the  effects  of  ioe  and  frost  action  remain  practically  withont 
nuMlification  by  later  agencies;  and  almost  every  square  foot  of 
the  surface  bears  the  stamp  of  glaciation.  It  is  clear,  as  the  author 
remarks,  that  the  ice  has  been  m  close  contact,  throughout  its  whole 
extent,  with  the  subjacent  rocks,  and  has  forced  its  way  into  hollows 
and  openings,  vertically  and  horizontally,  in  a  fashion  which  argues 
effective  plasticity  in  its  lower  layers. 

He  points  out  that  it  is  practicable  to  distinguish  the  features  due 
to  glacial  from  those  due  to  aqueous  erosion.  The  work  of  the  ice 
WB8  something  more  than  a  mere  excoriation  of  the  surface,  and 
in  comparing  the  work  of  ice  and  of  water  he  observes  that 
'*a  sand-grain  gripped  in  the  sole  of  a  glacier,  or  of  an  ice-sheet 
thousands  of  feet  in  thickness,  must  be  incomparably  more  efficient 
as  a  graving  tool  than  the  same  grain  rolled  along  the  bed  of 
a  stream."  Ice-action,  then,  must  be  rapid  compared  with  that 
of  running  water ;  its  work  is  done,  moreover,  with  little  or  no 
chemical  co-operation,  and  instead  of  the  relief  produced  by  ordinary 
weathering  agents,  features  are  carved  out  of  the  rook-complex  in 
a  fashion  wholly  irrespective  of  lithologioal  differences  or  geological 
structure.  Lateral  erosion,  too,  comes  in  unfettered  by  any  con- 
sideration of  '  bfiise-level/  and  valleys  may  be  widened  as  well  as 
deepened  and  their  sides  straightened. 

Attention  is  drawn  to  the  formation  of  cirques  or  corries  smd 
of  small  rock-basins  on  their  floors.  The  erosion  of  these  was 
dependent  upon  an  adequate  supply  of  debris  or  abrading  material 
at  the  under  surface  of  tiie  ice,  and  as  the  excavation  of  the  higher 
cirques  proceeded  the  dividing  ridges  became  intensified.  On  the 
principal  ridges,  which  acted  as  ice-sheds,  ice-erosion  necessarily 
failed  for  want  of  a  tool  to  work  with. 

The  author  observes  that  if  we  take  the  Cuillin  district  as  a  type, 
it  api>ear8  that  ice-erosion  does  not,  like  water-erosion,  work  con- 
stantly towards  the  establishment  of  an  even  gradient  along  a  valley 
in  which  it  operates.  Erosion  will  be  most  efficient  when  the 
pressure  below  the  ice  is  greatest,  that  is,  when  the  thickness  is 
greatest,  and  differential  erosion  will  operate  so  as  to  exaggerate 
iDequalities.  This  would  be  arrested  when  the  lower  layers  of 
the  ice  begin  to  be  ponded  in  the  lee  of  a  strong  feature,  and  the 
tipper  layers  slide  over  them.  Thus,  rock-basins  in  valleys  are 
dependent  not  merely  on  glacial  erosion,  but  on  glacial  erosion 
operating  under  certain  local  conditions  and  in  more  than  one  way. 
Detailed    observations    and    soundings    made   by   the    author  and 

^  See  article  by  A.  Uarker  on  Subacrial  Erosion  in  the  Isle  of  Skye :  O^oi..  'MLxQ., 
1899,  p.  485. 
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Mr.  T.  A.  Faloon  on  Looh  Coruisk,  show  that  it  occupies  an  area 
of  two  rock-basins,  which  have  been  excavated  by  ice-action. 

Evidence  is  brought  forward  to  show  that  succeeding  the  great 
glaciation  there  was  a  minor  glaciation  due  to  the  action  of  glaciers 
occupying  the  valleys,  at  a  time  when  the  obstruction  caused  by 
the  Scottish  ice-sheet  had  been  removed,  and  when  the  Skye  ice 
was  free  to  follow  a  course  more  in  accordance  with  local  topography. 
The  author  observes  that  the  distribution  of  the  cirques  suggests 
a  connection  with  the  direction  of  sunshine ;  that  the  asymmetric 
character  of  the  ridges  and  valleys  in  the  outer  parts  of  the  mountain 
area  may  be  attributed  to  the  different  aspects  of  the  slopes  relatively 
to  the  sun;  and  that  therefore  this  influence  was  exerted,  not  at 
the  time  of  maximum  glaciation,  but  when  the  ice-cap  had  shrunk 
so  as  to  occupy  the  valleys  alone,  and  during  the  later  glaciation, 
which  was  effected  by  glaciers  only.  He  has  not  attempted  in  all 
oases  to  apportion  the  work  of  erosion  between  the  ice-cap  and  the 
glaciers.  His  further  detailed  observations  on  the  drift  deposits, 
on  the  distribution  of  boulders,  on  perched  blocks,  and  on  th^ 
formation  of  screes  will  be  read  with  profit.  They  furnish  evidence 
of  his  careful  methods  of  research,  and  of  the  impartial  way  in 
which  on  all  occasions  he  interprets  the  facts. 


11. — ^Thk  Granite  op  Tdlloch  Burn,  Atrshirb.     By   Professor 
James  Geikie,  F.R.S.,  and  John  S.  Flett,  M.A.,  D.Sc* 

THE  granite  of  Tulloch  Bum,  Ayrshire,  is  a  small  mass  occupying 
an  area  of  three  or  four  square  miles  on  the  headwaters  of 
the  Irvine  and  the  Avon.  Much  of  the  outcrop  is  covered  with 
drift  and  peat,  but  good  exposures  of  the  granite  and  the  contact- 
altered  rocks  can  be  obtained  in  the  Tulloch  Burn,  a  tributary 
of  the  Irvine,  and  on  the  Avon.  The  prevalent  type  is  a  flesh- 
coloured  biotite  -  granite,  which  often  contains  hornblende  and 
sometimes  decomposed  augite.  This  passes  at  its  margins  into 
rocks  of  intermediate  or  basic  composition,  which  include  various 
types  of  diorite,  hyperite,  and  gabbro.  The  evidence  points  to  the 
origin  of  these  rocks  by  a  process  of  differentiation,  and  both  in 
this  respect  and  in  the  rock  species  which  have  been  developed 
the  resemblance  to  the  granites  of  the  Southern  Uplands  is  very 
close.  The  material  microscopically  examined  includes — Graphic 
Granite  and  Granophyric  Granite  (in  segregation  veins)  ;  Biotite 
Granite,  Biotite  Hornblende  Granite,  Biotite  Augite  Granite; 
Tonalite  (intermediate  between  Hornblende  Biotite  Granite  and 
Diorite) ;  Quartz  Hornblende  Diorite,  Quartz  Augite  Biotite  Diorite, 
Quartz  Hypersthene  Diorite;  Biotite  Augite  Diorite,  Hornblende 
Diorite,  Hypersthene  Diorite ;  Hyperite  and  Gabbro. 

This  mass  is  intrusive  into  the  Lower  Old  Eed  Sandstone,  which 
at  Lanflne,  a  little  west  of  this,  has  yielded  Cephalaspis  Lyelli,  The 
Old  Red  Sandstone  is  indurated  and  often  bornfelsed  to  a  varying 
distance  from  the  margin.     The  new  minerals  developed  are  Augite, 

^  Read  before  the  British  Association,  Section  C  (Geology),  Glasgow,  Sept.,  1901. 
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Hornblende,  Biotite,  Magnetite,  Toarmaline,  Spinel,  and  possibly 
Sillimanite;  Calcite,  Chlorite,  and  Epidote  are  often  present,  but 
appear  to  be  secondary  after  some  of  those  mentioned. 

Many  dykes  penetrate  the  sandstones,  and  most  of  these  are 
nndonbtedly  apophyses  of  the  Granite.  They  are  mostly  Diorite 
Porpby rites  or  Quartz  Diorite  Porphyrites,  which  may  contain 
Biotite,  Augite,  Hornblende,  or  Hypersthene.  Syenite  Porphyries 
also  occur,  and  occasionally  small  veins  of  more  acid  character, 
which  may  be  considered  coarse-grained  Granophyres.  In  addition 
to  these  there  are  several  dykes  of  Olivine  Dolerite  and  Andesitic 
Basalt,  but  these  are  not  known  to  be  genetically  connected  with 
the  Granite. 


EL NOTKS    ON     THE    OOOUBBENOB     OF    PhOSPHATIO     NoDULES    AND 

Phosphate- BEARING  Rock  in  the  Upper  Carboniferous  Lime- 
stone (Yoredale)  Series  of  the  West  Hiding  of  Yorkshire 
AND  Westmoreland  Border.  By  John  Rhodes,  of  the  Geological 
Survey.* 

BY  kind  permission  of  the  British  Association  Committee  on 
Carboniferous  Zones  I  am  enabled  to  announce  the  discovery 
of  phosphatic  nodules  and  of  a  rock  having  a  phosphatic  matrix  in 
the  Yoredale  rocks  of  the  following  localities : — 

Phosphatic   Nodules :    Far    Cote    Oillj    East   Slope  of  Swarth   Felly 

Westmoreland. 

These  nodules  occur  along  with  ironstone  septaria  in  blue  shales 
which  rest  on  the  top  siliceous  beds  of  the  Underset  Limestone. 
The  nodules  are  confined  to  the  lower  5  feet  of  the  shales,  and  are 
more  numerous  in  the  lower  half  than  in  the  upper  half. 

In  the  same  gill,  and  resting  on  the  chert  of  the  Little  Limestone, 
there  is  a  layer,  3  inches  in  thickness,  containing  phosphatic  nodules 
embedded  in  a  fine  clayey  matrix.  It  is  sprinkled  throughout  with 
glauconite  grains  and  angular  chips  of  quartz,  and  is  overlain  by 
ironstone  shales. 

At  the  same  horizon  as  above,  but  2^  miles  to  the  south-east, 
there  occurs  in  a  gill  that  runs  from  Lambfold  Crags  to  Lunds 
Church,  two  miles  west  of  north  of  Hawes  Junction,  a  layer  of  rock 
three  inches  in  thickness,  with  a  phosphatic  matrix  throughout. 
This  layer,  which  has  a  crust  of  brown  iron-ore,  is  rich  in  glauconite 
and  quartz  grains,  and  also  contains  fragments  of  conodonts,  etc. 

Phosphatic   Nodules :     Goodham    Gill,  East   Slope   of  Swarth   Fell, 
2  miles  north-west  of  Hawes  Junction,  Yorkshire. 

The  phosphatic  nodules  at  this  locality  occur  throughout  a  lime- 
stone which  varies  in  thickness  from  3  to  6  inches.  This  layer  is 
underlain  and  overlain  by  shale  in  more  or  less  rotten  condition. 
The  horizon  is  doubtful,  but  it  appears  to  be  about  170  feet  over 
the  Little  Limestone.  From  the  upper  surface  of  the  top  bed  of 
the   Crow   Limestone,  Cartmere  Gill,   East  Baugh  Fell,   Grisdale, 

*  Read  before  the  British  Association,  Section  C  (Geology),  Glasgow,  Se\)l.,  \^^\. 


40  Reviews — The  Geological  Survey, 

2\  miles  west-north-west  of  Hawes  Junction,  I  have  obtained 
a  solitary  example  of  a  phosphatio  nodule.  The  phosphatio  nodules 
and  phosphatio  matrix  examined  show  sponge  spioales,  but  these 
are  for  the  most  part  fragmentary ;  some  are  of  crypto- orystalline 
silica,  some  replaced  by  calcite,  whilst  the  axial  canals  are  often 
filled  with  the  same  phosphatio  material  as  the  matrix.  The  spiooles 
are  referred  to  hexaotinellid  and  to  monactinellid  sponges. 

I  am  very  much  indebted  to  Dr.  G.  J.  Hinde  for  notes  on  the 
sponge  remains,  and  also  to  Dr.  W.  Pollard  for  testing  the  phosphates. 

IV. — Short  Notioks. — In  Sprawozdanie  Komisyi  fizyografioznej, 
Cracow,  vol.  xxxvi,  pp.  11, 12,  Professor  J.  L.  M.  Lomnicki  describes 
a  new  species  of  Elaier,  E,  Wianiowskii,  based  on  a  right  elytra 
found  between  fossil  leaves  in  Miocene  clay  near  Eolomea.  The 
elytra  most  nearly  resembles  that  of  Elater  ferrugatus,  a  species  now 
living  in  the  same  European  region.  It  is  the  oldest  fossil  insect 
as  yet  found  in  Galicia,  those  described  by  A.  M.  Lomnicki,  the 
Professor's  father,  being  of  Pleistocene  age.  The  paper  is  written 
in  Latin,  and  illustrated  by  three  text-figures. 

Bolivian  Fossils  and  Rooks. — In  Sir  Martin  Conway's  "The 
Bolivian  Andes"  (Harper,  1901)  will  be  found  appendices  by 
B.  B.  Newton  on  some  Devonian  Brachiopoda  and  incertsd  sedis, 
by  L.  J.  Spencer  on  Bolivian  minerals,  and  by  T.  Q.  Bonney  on 
rock  specimens  collected  during  the  expedition.  The  author  refhiins 
from  acknowledging  his  indebtedness  to  these  writers  on  his  title- 
page,  and  as  he  does  not  trouble  to  write  a  preface  to  his  volume  the 
papers  are  likely  to  be  overlooked. 

-R  E  VIE  "W  S. 

The  Gkoloqioal  Survey  of  the  United  Kingdom. 

THE  Summary  of  Progress  of  this  institution  for  1900  has  just 
been  issued,  somewhat  tardily  if  we  may  judge  by  Sir  Archibald 
Geikie's  preface,  the  date  of  which  (February  28th)  coincides  with 
the  termination  of  his  long  period  of  public  service. 

A  considerable  portion  of  the  volume  before  us  is  taken  up  with 
a  description  of  the  structure  and  mineral  characters  of  the  Highland 
schists.  Reference  is  made  to  the  mapping  of  certain  **  Green  beds," 
which  in  the  area  north  of  the  Tay  are  represented  by  fine  hornblendio 
schists,  usually  containing  small  garnets ;  and  to  the  characters  by 
which  these  altered  sedimentary  rooks  can  be  distinguished  from 
the  epidiorites. 

In  Ireland  the  volcanic  rocks  in  the  Silurian  series  have  received 
much  attention  ;  while  in  Cornwall  and  Devon  the  subdivision  of 
the  **  Killas,"  the  correlation  of  the  Lower  Devonian  rocks  near 
Looe,  and  the  various  '' greenstones"  have  occupied  those  engaged 
in  the  field. 

The  Old  Red  Sandstone  has  been  studied  in  various  localities 
from  Caithness  to  South  Wales.  Especially  interesting  are  the 
observations  on  the  newer  granites  of  the  Southern  Highlands  and 
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fheir  oonneotion  with  the  Lome  volcanio  region,  where  the  volcaDio 
vents  are  of  Lower  Old  Red  SandstoDe  age.  The  granites  are  those 
of  Ben  Gmachan,  Blaokmonnt,  and  the  Moor  of  Rannoch. 

Work  has  heen  carried  on  in  the  Coalfields  of  South  Wales  and 
North  Staffordshire.  Attention  has  been  recalled  to  the  Gower 
Series  near  Swansea,  Lower  Carboniferous  strata  which  lie  above 
the  massive  Carboniferous  Limestone.  They  had  been  compared 
with  the  Coddon  Hill  Beds  of  North  Devon  by  De  la  Beche,  and 
recent  investigation  has  confirmed  the  correlation.  Moreover, 
Radiolaria  have  been  identified  in  the  South  Wales  chert  by 
Dr.  G.  J.  Hinde.  A  somewhat  similar  group  of  strata  has  been 
observed  along  the  northern  side  of  the  Coal-basin  in  Carmarthenshire. 

Some  of  the  detailed  results  of  the  Survey  work  in  the  Coal- 
measures  near  Swansea  are  given,  and  attention  is  drawn  to  the 
positions  of  the  principal  seams  of  coal  and  to  the  faults  and  dis- 
tarbances  by  which  they  are  affected. 

Comparisons  are  made  between  the  succession  of  Coal-measures 
in  North  Staffordshire  and  that  in  Denbighshire,  the  stratigraphical 
divisions  being  found  to  be  so  nearly  identical  that  evidently  the 
same  conditions  were  prevalent  in  both  districts  at  the  close  of 
the  Carboniferous  Period.  A  very  similar  succession,  moreover,  can 
be  made  out  on  the  northern  flanks  of  the  Clent  Hills  between 
St  Eenelms  and  Old  Hill. 

There  are  notes  on  the  granite  of  Cornwall,  and  evidence  is  given 
for  concluding  that  not  only  is  there  a  close  connection  between  the 
major  joints  and  the  grain  of  the  rock,  but  that  this  grain  is 
dependent  on  the  internal  mineral  arrangement  of  the  granite,  all 
three  phenomena  being  closely  related.  This  is  noticed  in  the 
orientation  of  the  felspars,  of  which  the  long  axes  lie  parallel  to 
the  cleaving-way  joints. 

There  are  short  accounts  of  Triassic  and  Jurassic  strata  in  the 
midland  counties  of  England  and  in  Skye.  More  attention  is  given 
to  Cretaceous  rocks,  and  comparisons  are  made  between  the  divisions 
of  the  Lower  Greensand  in  West  Sussex  and  in  the  Isle  of  Wight. 
The  occurrence  of  masses  of  white  limestone  and  chert  with  Chalk 
fossils,  in  a  large  volcanic  vent  in  the  Isle  of  Arran,  is  recorded, 
and  further  particulars  are  given  of  the  interesting  discovery  therein 
of  fragmentary  portions  of  RhaBtic  and  Liassic  strata.  These 
researches  have  not  only  thrown  new  light  on  the  former  extension 
of  the  Secondary  strata  over  the  south  of  Scotland,  but  they  also 
afford  evidence  of  the  Tertiary  age  of  the  great  series  of  younger 
igneous  rocks  in  Arran. 

Further  information  is  given  on  the  Tertiary  volcanic  series  in 
Skye  and  on  dykes  in  Western  Argyllshire. 

Reference  is  made  to  the  overlap  of  the  Bagshot  Bods  on  to  the 
Chalk  in  the  western  part  of  the  Hampshire  Basin,  and  attention 
is  called  also  to  the  overlap  of  the  London  Clay,  which  in  places 
cuts  through  the  Reading  Beds  and  rests  on  Chalk.  The  occurrence 
is  noted  of  small  quantities  of  nickel  and  cobalt  in  the  Reading  Beds 
at  Cadmore  End  Common,  near  High  Wycombe. 
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The  Pleistocene  deposits,  including  Glacial  drifts,  are  described 
in  various  districts  in  the  southern  and  midland  counties  of  England 
in  South  Wales,  in  the  Highlands  of  Scotland,  in  Skye,  ani 
Caithness.  Especially  interesting  is  the  account  of  the  high-leve 
and  other  drifts  near  Macclesfield  in  Cheshire.  The  more  reoen 
deposits  have  also  received  attention.  In  the  petrographical  wori 
we  note  a  special  account  of  the  remarkable  assemblage  of  eruptiv* 
rocks  which  has  been  detected  in  Assynt,  and  of  the  metamorphisu 
induced  by  them  on  the  surrounding  dolomites.  Thus  it  is  diowi 
that  the  marbles  of  Assynt  are  mainly  altered  dolomites. 

The  palsBontoIogical  work  has  largely  assisted  the  stratigraphies 
work,  and  aid  has  been  given  by  Mr.  B.  Kidston  in  naming  ih< 
Carboniferous  plants  of  Berwickshire,  and  by  Dr.  Traquair  ii 
naming  the  Silurian  fishes  of  Lesmahagow. 

The  important  catalogue  of  type  and  figured  fossils  preserved  ii 
the  Museum  of  Practical  Geology,  commenced  in  the  Summary  o 
Progress  for  1899,  is  continued  by  the  publication  of  the  lists  o 
Pleistocene,  Pliocene,  and  Devonian  specimens. 
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I.— November  20th,  1901.— J.  J.  H.  Teall,  Esq.,  M.A.,  V.P.B.& 

President,  in  the  Chair. 

Dr.  Yaughan  Cornish,  in  exhibiting  Photographs  of  Waves  an< 
Bipples  in  Water,  Cloud,  Sand,  and  Snow,  said  that  he  need  onl; 
refer  to  the  photographs  showing  the  action  of  wind  upon  snow 
which  were  the  most  recent  of  the  series  of  pictures  which  be  wa 
exhibiting  that  evening.  He  had  spent  from  December  to  Mard 
last  Winter  studying  the  snow  in  the  provinces  of  Quebec,  Manitoba 
and  British  Columbia.  When  the  wind  blew  one  saw  the  processe 
of  wind-erosion  and  of  the  accumulation  of  drifted  material  pro 
ceeding  with  a  rapidity  which  is  not  attained  when  wind  act 
upon  heavier  or  harder  materials.  He  particularly  commended  t 
geologists  the  study  of  wind-erosion  of  snow  hardened  by  pressur 
and  low  temperature.  The  cutting  and  carving,  and  the  revelatioi 
of  previously  invisible  stratification,  went  on  at  a  surprising  rate,  an< 
one  could  see  the  structures  change  from  form  to  form  under  one' 
very  eyes,  and  thus  quickly  gain  such  an  insight  into  the  processe 
of  wind-erosion  as,  in  the  case  of  more  stubborn  rock,  could  only  b 
obtained  by  prolonged  study.  The  advantage,  moreover,  of  studyinj 
the  process  in  snow  was  not  merely  one  of  time,  but  consisted  parti; 
in  the  recognition  of  transitional  stages  which  were  so  apt  to  b 
missed  when  observations  were  necessarily  intermittent,  as  was  th> 
case  with  those  of  erosion  of  harder  rocks. 

The  following  communications  were  read  : — 
1.  **  Notes  on  the  Genus  Lichas."     By  Frederick  Richard  Cowpe 
Reed,  Esq.,  M.A.,  F.G.S. 
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The  Tarious  attempts  which  have  been  made  to  separate  this 
genus  into  subgeneric  groups  have  not  been  altogether  satisfactory, 
owing  to  tbe  difficulty  of  deciding  what  are  the  more  important 
structural  features.  A  natural  classification,  as  opposed  to  an 
artificial  one,  should  be  based  on  the  structural  characters  of  the 
head-shield  ;  and  tbe  variations  in  the  form  and  lobation  of  the 
glabella  in  the  Lichadidse  (as  Beecher  has  remarked)  indicate 
differences  in  the  relative  development  of  the  appendages  and  organs 
of  the  head.  The  origin  and  application  of  tbe  various  proposals 
for  classification  are  considered,  and  certain  synonyms  and  names 
of  prior  application  to  other  organisms  are  rejected.  Next,  the 
characters  of  the  original  type-species  of  the  various  subgenera  are 
rammarized.  The  second  part  of  the  paper  contains  a  critical  con- 
sideration of  the  homologies  of  the  furrows  and  lobes  in  the  glabella 
of  the  LichadidsB.  Following  Beecher's  scheme,  tbe  anterior  lateral 
portion  of  the  so-called  median  or  frontal  lobe  is  considered  to 
oorrespond  to  the  antennulary  or  true  first  lobe  of  the  glabella. 
The  so-called  *  first '  lateral  lobes  of  Lichas  would  correspond  to  the 
fused  antennary  and  mandibular  lobes,  the  true  second  and  third 
lobes  of  the  glabella.  The  lateral  lobes,  which  are  usually  termed 
the  '  middle '  or  ^  second '  lateral  lobes,  become  homologous  with 
the  fourth  or  first  maxillary ;  and  the  neck  or  occipital  lobe  or  ring 
falls  into  its  right  place  as  the  second  maxillary  lobe.  By  means 
of  this  principle  an  attempt  is  made  to  discover  the  principal  lines 
of  modification  along  which  the  evolution  of  the  head-shields  of 
the  LichadidaB  has  proceeded.  In  the  third  part  of  the  paper  the 
Licbadidae  are  divided  into  two  great  groups  :  (1)  that  with  a  pair 
of  bi-composite  lateral  lobes  to  the  glabella  and  a  more  or  less 
definite  fourth  pair  of  lateral  lobes ;  and  (2)  a  group  witli  a  pair  of 
tri-composite  lateral  lobes,  through  the  fusion  of  the  fourth  pair  with 
the  bi-composite  pair  of  the  preceding  group.  Names  are  proposed 
for  each  group,  and  also,  where  necessary,  for  tbe  eight  sections,  of 
subgeneric  value,  into  which  each  group  is  subdivided.  The  paper 
closes  with  a  list  of  the  British  members  of  the  family  Lichadida?,  to 
show  their  distribution  among  the  groups  and  sections. 

2.  *'  Some  Remarks  on  the  Meteorological  Conditions  of  the 
Pleistocene  Epoch."  By  Dr.  Nils  Ekholm,  Meteorologiska  Central- 
Anstalten,  Stockholm.  (Communicated  by  Professor  W.  W.  Watts, 
M.A.,  F.G.S.) 

The  opinion  of  the  author  on  this  subject  differs  in  some  important 
respects  from  that  of  Mr.  Harmer.  He  considers  the  subject  under 
two  heads  :  (1)  What  are  the  meteorological  conditions  necessary 
and  sufficient  to  produce  a  permanent  ice-sheet  such  as  tliat  of  the 
Great  Ice  Age  ?  (2)  What  will  be  the  influence  of  such  glaciation 
on  the  meteorological  conditions,  especially  on  the  cyclones  and 
anticyclones,  of  the  ice-covered  land  and  on  its  neighbourhood  ?  The 
snow-line  does  not  correspond  with  the  mean  annual  isotherm  of  o2^, 
for  Verchojansk  in  Siberia  is  not  glaciated,  whereas  the  southerrv 
point  of  Greenland  is.     The  former  has  a  Winter  anticyclone,  viVvW^ 
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the  latter  is  traversed  by  the  central  or  northern  part  of  cyclones 
during  the  whole  year.  The  area  of  Pleistocene  glaciation  in 
America  and  Europe  coincides  with  the  areas  now  traversed  by  the 
most  regularly  frequented  storm-tracks.  There  seems  to  have  been 
about  the  same  difference  between  the  mean  annual  temperatures  of 
Europe  and  North  America  in  the  Great  Ice  Age  as  now,  and  it 
is  generally  agreed  that  a  lowering  of  the  present  snow-line  by 
1,000  metres  would  give  rise  to  a  similar  Ice  Age.  The  hypo  thesis 
that  a  glaciation  of  North  America  would  raise  the  temperature  of 
Europe,  and  vice  versd,  seems  to  the  author  physically  untenable. 
The  positions  and  movements  of  anticyclones  are  not  generally  ruled 
by  the  ground  temperature  in  our  latitudes  :  they  are  in  most  cases 
eddies  formed  by  the  air-circulation  in  general,  and  in  this  the 
greater  area  and  receipt  of  heat  by  the  Equatorial  regions  must 
always  be  a  preponderating  factor.  The  author  considers  that  the 
influence  of  the  Glacial  Period  on  atmospheric  circulation  would 
probably  be  similar  to  that  of  a  cold  Winter  nowadays.  The  cyclones 
would  be  gradually  deviated  into  a  more  and  more  southerly  track, 
while  an  anticyclone  would  be  formed  in  the  north,  not,  however, 
a  stationary  one,  but  travelling  like  a  cyclone,  only  more  slowly  and 
irregularly.  The-  Summer  must  have  been  cold  and  stormy,  with 
frequent  fogs,  somewhat  like  that  of  Cape  Horn  or  Kerguelen  Island 
at  the  present  day.  The  author  considers  that  Mr.  Harraer  under- 
rates the  effect  of  isolation  and  overrates  that  of  the  winds.  "  The 
temperature  of  the  Summer  only  is  essential  for  the  phenomenon  of 
glaciation.*' 

3.  "On  the  Origin  of  certain  Concretions  in  the  Lower  Coal- 
measures."  By  H.  B.  Stocks,  Esq.,  F.I.C.,  F.C.S.  (Communicated 
by  Professor  W.  W.  Watts,  M.A.,  F.G.S.) 

In  certain  of  the  Lower  Coal-measures  of  Lancashire  and  York- 
shire and  in  the  '  hard-bed  coal/  peculiar  concretions  known  as 
*  coal-balls '  occur,  which  have  a  considerable  interest  because  they 
contain  well-preserved  plant- remains.  The  author's  analysis  shows 
that  they  consist  mainly  of  calcium-carbonate  and  iron-pyrites, 
in  varying  proportions.  Carbonate  of  lime  appears  to  have  been 
introduced  by  osmosis  through  the  cell- walls ;  and  that  it  was 
introduced  in  small  quantity  and  under  exceptional  circumstances 
appears  to  be  proved  by  the  comparative  rarity  of  the  concretions 
and  their  presence  in  this  seam  of  coal  only.  During  the  decay  of 
the  vegetable  matter  of  which  coal  is  formed,  in  contact  probably 
also  with  animal  matter,  some  of  the  organic  matter  would  pass 
into  solution  in  water,  causing  the  absorption  of  the  oxygen  in 
solution ;  the  result  of  this  is  that  further  decay  would  take  place 
under  anaerobic  conditions.  This,  occurring  in  water  containing 
sulphates,  would  give  rise  to  sulphuretted  hydrogen  and  mud 
blackened  by  the  presence  of  ferrous  sulphide,  while  carbonates 
would  also  be  produced.  Experiments  were  tried  (1)  on  the  pre- 
cipitation of  carbonate  of  lime  under  varying  conditions  (in  presence 
of  organic  matter,  etc.) ;   (2)  on  the  action  of  salts  of  lime  and  of 
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iron  on  wood ;  and  (3)  on  the  action  of  bacteria  ou  solutions  con- 
taining calciatn-sulphate  in  solution  and  ferric  oxide  in  the  deposit. 
In  the  first  series  carbonate  of  lime  was  deposited  in  spheres;  in 
the  second  it  was  found  that  iron-salts  are  preservatives,  but  lime- 
salts  are  not ;  and  in  the  third,  black  mud,  largely  consisting  of 
ferrous  sulphide,  was  produced,  while  the  calcium-sulphate  was 
converted  into  carbonate.  It  is  considered  that  these  experiments 
explain  the  origin  of  the  'coal-balls.' 


II.— December  4th,   1901.— J.  J.  H.  Teall,  Esq.,   M.A.,  V.P.R.S., 

President,  in  the  Chair. 

Professor  Bonney,  in  exhibiting  a  series  of  specimens  of 
Smaragdite  -  Euphotide  from  the  Saasthal,  remarked  that  they 
illustrated  its  variations  in  mineral  composition ;  the  pyroxenic 
oonstitnent  being  sometimes  diallage,  sometimes  rather  acicular 
hornblende,  sometimes  glaucophane,  but  generally  smaragdite  ; 
the  felspathic  constituent  passing  from  a  rather  changed  felspar 
to  the  so-called  saussurite ;  garnets  are  sometimes  common,  white 
mica  occasional :  these  different  kinds  pass  one  into  another.  The 
rock  also  varies  greatly  in  coarseness,  and  often  exhibits  a  distinctly 
streaky  structure.     He  described  the  locality  where  the  rock  occurs 

Dr.  Yaughan  Cornish,  in  exhibiting  photographs  of  '  Snow 
Mushrooms '  taken  by  him  in  January,  1901,  at  Glacier  House, 
near  the  summit  of  the  Canadian  Pacific  Railway  in  the  Selkirk 
Mountains,  west  of  the  Rockies  (British  Columbia),  altitude  4,000 
feet,  said  that  the  snowfall  had  been  25  feet  measured,  then 
represented  by  a  5-foot  layer  upon  the  ground.  It  is  said  that 
there  is  not  much  wind  here,  and  that  the  snow  mostly  falls 
at  a  temperature  near  the  melting-point.  It  has  the  reuiform 
habit  in  great  perfection,  and  its  clinging  masses  are  very 
beautiful.  The  most  remarkable  thing  about  it  is  the  formation 
of  sj'mmetrical  caps,  which  overhang,  by  a  yard  and  more,  the 
supporting  pedestal.  The  stumps  of  the  felled  trees  usually  have 
bases  2  to  4  feet  in  diameter,  which  support  the  whole  depth  of  snow 
and  are  frequently  of  such  a  height  as  to  produce,  with  the  cap  of 
snow,  an  almost  perfect  reproduction  of  a  mushroom.  Their  almost 
perfect  symmetry  was  attained,  he  believed,  by  gradual  growth  until 
the  limit  of  cohesion  was  reached  in  all  directions.  The  tree-stumps 
being  almost  exactly  circular,  the  complete  cap  is  also  circular. 
These  caps  are  very  stable,  the  great  weight  of  superincumbent  snow 
welding  the  lower  layers  into  a  tenacious  mass.  Their  study  has, 
at  least,  a  suggestive  value  to  geologists. 

The  following  communications  were  read  : — 

1.  *'  On  a  new  Genus  belonging  to  the  Leperditiada^,  from  the 
Cambrian  Shales  of  Malvern."  By  Professor  Theodore  Thomas 
Groom,  M.A.,  D.Sc,  F.G.S. 

Forms  referred  to  Beyrirhia  have  long  been  known  from  the 
Cambrian  beds  of  Scandinavia^  Stockingford,  and  SoutVi  Wales;  «kXv^ 
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the  writer  has  obtained  from  the  lowest  part  of  the  Malvern  Black 
Shales  a  species  identical  with  the  Stockingford  form,  which  had 
been  proyisionally  identified  with  the  Swedish  Beyrickia  AngeUni. 
The  characters  of  these  specimens  serve  to  separate  the  species  from 
those  now  placed  under  the  genus  Beyrichiaf  a  conclusion  in  which 
Professor  T.  Rupert  Jones  concurs.  The  specimens  were  obtained 
from  Black  Shales  at  the  northern  extremity  of  Chase  End  Hill, 
associated  with  Acrotreta,  Agnoatm,  Ktdorgina  ptmlla,  and  ProtO' 
spongia  fenesirata.  The  shales  are  nowhere  actually  exposed,  and 
can  only  be  reached  by  excavation.  The  specimens  are  frequently 
crushed  and  indented.  The  new  genus  appears  to  be  most  nearly 
related  to  those  provided  with  broad  lobes,  such  as  JT/osdenta, 
Beyrickia,  Ctenoholinaf  and  Tetradella.  Specimens  obtained  by 
Professor  Lapworth  from  the  Oldbury  Shales  below  the  zone  of 
Spharophthalmus  alatua  are  also  referred  to  the  same  genus  and 
species.  From  Linnarsson's  description  of  Beyrichia  Angelini  it 
would  seem  that  this  form  may  be  related  to  the  new  genus,  but 
it  clearly  belongs  to  a  different  species. 

2.  ''The  Sequence  of  the  Cambrian  and  Associated  Beds  of  the 
Malvern  Hills."  By  Professor  Theodore  Thomas  Groom,  M.A., 
D.Sc,  F.G.S.  With  an  Appendix  on  the  Brachiopoda  by  Charles 
Alfred  Matley,  Esq.,  B.Sc,  F.G.S. 

The  series,  exclusive  of  some  600  feet  of  igneous  rocks,  may  be 
estimated  at  between  2,500  and  3,000  feet,  and  consists  of  the 
following  members,  tabulated  in  descending  order : — 

4.  The  Bronsil  Shales,  1,000  feet  thick ;  erey  shales  containing  Dictyonema  and  many 

Tremadoc  brachiopods  and  trilobites. 
3.  The  Wliite-leaved  Oak  Shales  ;  black  shales,  including: 

{b)  The  zone  of  Feltura  scarabteoideSf   SphmrophthaUmu  alattts,  Cfenopyye 

pecteUy  Ct.  bisulcata^  Agnosttm  trisect  us  ;  500  feet, 
(c)  The  zone  containing  Kutorgina  pttsilla,  Protospongia  fenestrata^  a  new 
variety  of  Acrotreta,  and  a  new  genus  of  the  Leperditiadae  ;  30  feet. 
2.  The  Hollybush  Sandstone,  comprising : 

{b)  Massive  Sandstone,  probably  not  less  than  1,000  feet  thick,  and  containing 
Kutorgina  Phillipsij  Orthotheca  JiHulay  Scolecoderina  anttquissima,  and 
new  species  of  Hyolithus. 
(a)  Flaggy  and  Slialy  Beds,  not  less  than  75  feet  thick ;  chiefly  flaggy  and 
shaly  glauconitic  sandstones,  with  Kutorgina  Fhillipsi,  Seolecoaerma 
antiquissima,  Hyolithus,  etc. 
1.  The  Malvern  Quartzite,^  consisting  chiefly  of  grey  quartzites  and  conglomerates, 
rarely  glauconitic ;  probably  at  least  several  hundred  feet  thick  ;  containing 
Kutorgina  Fhillipsi,  Hyolithus  prinutvns,  and  a  new  species  of  OboUtta, 

The  last  rock,  though  now  separated  by  faults  from  the  older 
Malvern  Series,  contains  angular  fragments  both  of  Uriconian  and 
Malvernian  type.  It  is  correlated  with  the  Wrekin  Quartzite  and 
with  the  lower  divisions  of  the  Hartshill  Quartzite.  The  Flaggy 
and  Shaly  Beds  appear  to  correspond  with  the  0/encZZt«-beds  and 
the  zone  of  Paradoxides  Qroomi  in  Shropshire.  The  bulk  of  the 
Hollybush  Sandstone  probably  represents  the  greater  part  of 
the  Paradoxidian  of  other  localities,  and  may  in  part  correspond 
with  the  Purley  Beds  of  Nuneaton. 

^  [This  was  originally  termed  by  the  author  •  Hollybush  Quartzite.*] 
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The  lower  division  of  the  White-leaved  Oak  Shales  may  represent 
the  Swedish  zone  with  Beyrichia  Angelinif  and  perhaps  the  Festiniog 
Beds  of  North  Wales.  It  is,  however,  more  probable  that  it 
represents  the  uppermost  portion  of  the  Paradoxidian.  The  greater 
part  of  these  shades,  however,  belongs  to  the  zone  of  Spharophthalmua 
alatus ;  but  it  is  possible  that  other  zones,  both  immediately  above 
and  immediately  below,  may  be  represented  in  the  district.  The 
middle  piurt  of  the  Bronsil  Shales  has  yielded  Asaphids  and  Olenids 
in  association  with  Dictyonema,  and  may  be  correlated  with  the 
Tremadoo  beds  which  yield  the  Uuloma-Niobe  fauna.  The  author 
prefers  to  endorse  the  Continental  view  of  these  rooks,  and  to 
group  the  Tremadoc  Series  with  the  Ordovician,  with  the  reservation 
tiiat  the  Dic/^onema-shales  of  Europe  should  be  regarded  as  belonging 
to  the  Tremadoc,  the  base-line  of  the  Ordovician  being  drawn 
immediately  below  these  shales. 

The  paper  contains  an  account  of  the  Hyolithidad  and  trilobites 
of  these  rocks.  Three  new  species  of  EyoliihuB  are  named  and 
described  in  full,  and  four  in  outline,  while  a  revision  of  Holl's 
species  H,  JUtula  is  given.  Notes  are  also  given,  by  Mr.  Philip 
Lake  and  the  author,  on  Agnoatus  irisectuSj  Cheirurus  Frederici,  and 
other  trilobites,  and  a  name  is  given  to  certain  cylindrical  bodies 
which  appear  to  be  the  eggs  or  excreta  of  some  animal. 

In  the  Appendix  on  the  Cambrian  Brachiopoda  of  the  Malvern 
Hills,  after  making  a  few  brief  remarks  as  to  our  present  knowledge 
of  these  fossils,  Mr.  C.  A.  Matley  proceeds  to  describe  a  new  species 
of  Obolella  and  a  new  variety  of  Acrotreta  Sahrina:.  Species  of 
Lingulella,  Zinguloy  and  Acrotreta  are  described,  and  a  revision  is 
given  of  Obolella  (?)  Salteri,  Lingulella  Nicholsoni,  Acrotreta  Sabrinaf 
Linnarssonia  Belli,  and  Kutorgina  cingulata  \nrs.  PhilUpsi  SLud  pusilla. 


ADDITIONAL  NOTE   ON   AMMONITES   CALCAll,   ZIETEN. 

Sir, — Since  writing  the  note  on   Ammonites  calcar,  Zieten,  that 

appeared  in  the  Geological  Magazine  for  December,  1899  (pp.  554- 

558),  there  has  been  found  belonging  to  the  specimen  there  described 

anotber  original  label,  which    it   seems  desirable  to  record.     This 

was   fastened    in   the   Museum    register ;    not   on    the   page   where 

the  specimen  was  entered,  but  some  two  leaves  from  the  place,  so 

that  it  was  discovered  quite  by  accident.     Fortunately,  when  the 

specimen  was  registered  the  register  number  was  written  on   the 

label,  so    that   there   can   be   no   doubt  whatever   about   the  label 

belonging  to  this  actual  specimen.     The  label  bears  the  following 

inscription  in  the  handwriting  of  Dr.  Bruckmanu,  from  whom  the 

fossil   was  obtained  :    *'  Ammonites  calcar  Benz ;    Zieten.       Brown 

Jara  f  ;    Ornatenthon.     Unic  [«ic]  of  Zieten's  collection  ;    extremely 

rare  !    Gamelshausen  in  Wiirttemberg.    Professor  Dr.  Kurr  told  me 

that  he  was  about  to  buy  the  whole  of  Zieten's  collection,  onV^  \a 
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order  to  get  into  possession  of  this  specimen.     Worth  about  £5. 

Quenstedt  considers   it    to    be  a  sick   Am,   bipariitua.      Dr.  Br.*' 

Although  this  label  is  in  part  merely  a  translation  of  the  label 

already   mentioned   as  accompanying  the  specimen,   we   think  it 

confirms  the  opinion  expressed  in  the  former  paper  that  this  example 

is  really  Zieten's  type-specimen.  G.  G.  Cbick. 

British  Mussum  (Natuual  History),  S.W. 
December  7,  1901. 


SUB-FOSSIL  YEW- WOOD. 

Sir, — Dr.  Conwentz,  who  has  published  papers  on  the  spontaneous 
growth  of  the  yew-tree  in  Germany,  read  a  paper  at  the  meeting  (1901) 
of  the  British  Association  on  the  past  history  of  this  interesting 
tree  in  Great  Britain  and  Ireland.  By  microscopical  examination  he 
has  proved  the  occurrence  of  much  sub-fossil  yew- wood,  particularly 
from  buried  peat-beds  and  submerged  forests  in  this  country ;  but 
he  is  anxious  for  more  material  from  localities  in  England  and 
Ireland,  and  he  asks  all  who  have  an  opportunity  of  coUectiDg 
examples  of  reddish  woods,  looking  like  yew,  to  post  to  him  small 
pieces  for  examination.  His  address  is :  **  Prof.  Dr.  CoNWBNTZy 
Director  of  the  Museum,  Danzig,  Germany,"  and  parcels  should  be 
labelled  outside  "  Of  no  value."  iS.  T.  Nkwton. 


SAMUEL    ROWLES    PATTISON. 

Born  1809.  Died  NoyEMRER  27,  1901. 

The  death  has  been  announced,  on  November  27,  at  EensingtOQ, 
of  Mr.  S.  R.  Pattison,  at  the  advanced  age  of  92.  Mr.  Pattison 
was  elected  a  Fellow  of  the  Geological  Society  in  1839.  At  this 
period  he  resided  at  Launceston,  and  there  he  gathered  together 
a  fine  collection  of  fossils  from  the  Upper  Devonian  Limestone  of 
South  Petherwin.  These  specimenH  and  his  local  information  were 
placed  at  the  disposal  of  De  la  Beche  and  John  Phillips  when  they 
were  engaged  on  the  geological  survey  in  that  part  of  (Tom wall, 
and  on  the  description  of  the  organic  remains.  Pattison  contributed 
a  number  of  papers  to  the  Boyal  Institution  of  Cornwall  and  the 
Boyal  Geological  Society  of  Cornwall,  on  the  geology  of  Launceston, 
Tintagel,  and  other  places.  In  1854  he  drew  attention  to  an 
auriferous  quartz-rock  in  North  Cornwall  (Quart.  Journ.  Geol.  See., 
vol.  X,  p.  247).  In  1871,  after  a  visit  to  the  Franco  -  Belgian 
Devonian  regions,  he  brought  before  the  Geologists'  Association 
a  paper  on  the  Upper  Limits  of  the  Devonian  System.  In  1849  he 
published  a  little  work  entitled  "  Chapters  on  Fossil  Botany,"  and 
in  1858  "  The  Earth  and  the  Word  ;  or.  Geology  for  Bible  Students.** 
Mr.  PattiRon  was  a  member  of  a  firm  of  solicitors,  and  his  legal 
knowledge  was  for  many  years  placed  at  the  service  of  the  Geological 
Society,  on  whose  Council  he  served.  A  few  years  ago  he  resigned 
his  fellowship  of  the  Society. 
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I. — Fossils  fbom  ths  Hindu  Ehoosh. 

Jeai.'Qen.  C.  A.  McMahon,  F.R.S.,  F.G.S.,   and  W.  H.  Hudlbstox, 

M.A.y  F.A.S.,  F.Li.S.)  F.G.S. 

Part  II. — Paleontology.     By  Mr.  Hudleston. 

(PLATES  II  AND  III.) 

GEj  Himalayas,  with  the  help  of  that  singular  repiioa  of  the  more 

moantainous  region  known  as  the  Salt  Eange,  have  afforded 
le  palaeontologist,  in  one  place  or  another,  a  fairly  good  series 
le  several  Palsoozoio  horizons. 

Hie  First  Palaozoic  Horizon, — The  lowest  CamhrianyOriVeoftoZtM- 
a,  perhaps  the  lowest  recognized  fauna  in  the  world,  is  to  be 
id  in  the  Salt  Range  in  immediate  succession  to  the  Salt  series. 

fauna  was  discovered  by  Warth,  and  has  been  elucidated  in 

Palaoniologia  Indica  at  considerable  length.  In  the  volume 
1899  there  is  a  plate  of  these  fossils,  which  are  described  as 
isting  of  simple  forms  like  Neoholus,  or  rather  complicated  ones 
Tseudotheea, 

ae  Carboniferous  overlap  in  the  Salt  Eange,  noticed  by  Waagen 
confirmed  by  subsequent  observers,  has  had  the  effect  of  shutting 
the  rest  of  the  infra-Carboniferous  horizons  from  that  range, 
lat  we  there  obtain  nothing  between  the  lowest  Cambrian  and 
Carboniferous  beds.  On  the  other  hand,  I  cannot  find  that  the 
>o/us-fauna  has  been  recognized  in  the  Himalayas  proper. 

The  Second  Palaozoic  Horizon, — This  must  be  sought  in  the 
lalayas  alone  without  the  valuable  confirmatory  evidence  supplied 
he  Salt  Range  in  the  case  of  the  Carboniferous  fauna. 

very  valuable  find  of  fossils  belonging  to  this  horizon,  which 
be  main  may  be  regarded  as  of  Lower  Silurian  (Ordovician) 

was  made  by  General  Strachey  some  forty  years  ago  in  Niti. 
se  were  described  and  figured  by  Salter  in  a  memoir  printed 
private  circulation,  to  which  H.  F.  Blanford  contributed.     To 

an  idea  of  the  importance  of  this  find,  Salter  enumerated  some 
f  species,  as  follows  : — Crustacea  8  species,  Annelida  2, 
balopoda  8,  Gasteropoda  11,  Lamellibranchiata  3,  Brachiopoda 

Bryozoa  3,  Amorphozoa  2,  Zoophyta  2.  Referring  to  the 
shiopoda  only,   Leptana,  Strophomena,  and  Ori\m  axe  p^tVi^k^^ 
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the  best  represented  genera,  and  the  fauna  was  regarded  as  most 
resembling  Caradoo.  Many  of  these  fossils  are  in  a  fiirly  good  state 
of  preservation.  The  types  are  to  be  seen  at  the  British  (Natmal 
History)  Museum. 

Shortly  afterwards  Stoliozka  wrote  a  memoir  on  the  Palsdosoio 
formations  in  Spiti.^  Here  he  came  across  a  fossiliferous  horizon 
which  he  called  the  Bhahtli-serieSy  but  the  fossils  were  badly 
preserved.  In  his  recapitulation  Stoliozka  desoribed  his  Bhabeh- 
series  as  probably  of  Lower  Silurian  age,  consisting  of  sandstones, 
slates,  and  quartzites,  containing  Orthis  and  other  genera  not 
specifically  determinable. 

Subsequently  it  is  believed  that  important  additions  have  been 
made  to  the  collections  from  this  horizon  in  the  Himalayas,  but 
at  present  these  matters  are  in  reserve.  The  following  extract  from 
Mr.  B.  D.  Oldham's  Manual,'  published  in  1893,  bears  upon  this 
point.  It  occurs  as  a  footnote.  "  A  large  number  of  fossils  from 
General  Strachey's  collections  were  described  by  Messrs.  Salter 
and  Blanford  in  1865,  and  the  collections  which  were  made  by 
Griesbach,  which  are  still  in  the  course  of  description,  will  doubtless 
add  to  their  number.  Until  this  fauna  has  been  worked  oat  and 
its  relations  fully  determined,  there  does  not  appear  to  be  any  benefit 
in  printing  a  nominal  list  of  the  species  that  have  been  described." 

3.  The  Third  Palaeozoic  Horizon, — Like  the  second  horizon,  this  has 
no  replica  in  the  Salt  Bange.  So  far.  as  anything  is  known  about 
it,  we  are  still  indebted  to  Stoliozka.  Beferring  to  his  experiences 
in  Spiti,  he  thus  speaks  of  the  Muth-series : — **  Above  the  true  Silurian 
rocks  there  will  bo  found  a  thickness  of  beds,  of  about  1,000  feet, 
distinguished  by  a  different  shade  of  a  bluish  colour;  their  age 
is  left  undecided.  The  fossils  of  this  series  occur  in  an  arenaceous 
limestone,  some  of  the  beds  being  of  a  purer  limestone  of  a  dark 
colour.  Specific  determination  is  not  easy  owing  to  the  bad  state 
of  preservation." 

Two  species  of  CyathophyUum  were  recognized,  whilst  the 
Brachiopoda  were  represented  by  Strophomena  and  two  species 
of  Orihis.  In  his  summary  Stoliozka  regarded  the  Muth-series 
as  of  Upper  Silurian  age,  and  he  correlated,  as  already  stated  by 
(General  McMahon,  the  middle  or  fossiliferous  division  of  thi^ 
series  with  the  Blaini-limestone. 

4.  The  Fourth  Palaozoic  Horizon. — This  may  be  focussed  under 
the  general  term  of  the  Kiding- series.  The  fine  collection  of 
Carboniferous  fossils  sent  by  Colonel  Godwin-Austen  from  Kashmir 
engaged  the  attention  of  Davidson  many  years  ago.^  A  considerable 
number  of  these  specimens  may  yet  be  seen  in  the  Museum  of  the 
Geological  Society.  Tliis  very  abundant  and  characteristic  fauna 
is  receiving  ample  attention  from  the  writers  in  the  Palaontolagia 
Indica^  supplemented  as  it  is  by  the  highly  fossiliferous  Produetui- 
limestones  of  the  Salt  Bange. 

'  Mem.  Geol.  Surv.  India,  vol.  v,  pt.  1. 

=  p.  115. 

^  Quart.  Journ.  Geol.  Soc.,  toI.  xx,  p.  383,  and  vol.  xxi,  p.  492. 
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The  pTeoeding  notice  of  the  prindpal  Paladozoic  horisons  in  the 
north-weat  oomer  of  India  maj»  it  ia  hoped,  be  uaefal  before 
attempting  to  atudy  Geneml  MoMahon'a  oolleotion  in  detaiL 

When  theae  foaaila  were  firat  placed  in  my  handa  I  had  no 
knowledge  of  any  of  the  four  Palaaozoio  horizona  of  India,  with  the 
exception  of  the  laat,  and  that  only  to  a  very  alight  extent  Naturally, 
therefore,  I  firrt  of  all  tried  the  Carboniferous,  though  I  was  aurpriaed 
at  finding  no  apeciea  of  ProdueiuB  in  the  oolleotion.  After  working 
on  this  tack  for  some  time  I  found  that  there  was  nothing  in  Indian 
Carboniferoua  palaaontology  to  encourage  me  to  proceed.  Accordingly 
I  fell  back  on  the  Niti  &una  of  Lower  Silurian  age  described  by 
Salter.  Thia  seemed  to  be  somewhat  more  hopeful,  but  at  last 
I  was  driven  to  the  conclusion  that  I  could  find  nothing  published 
on  Indian  pakBontology  which  would  throw  any  light  on  the 
Chitral  fossils. 

Trying  nearer  home,  it  soon  became  evident  that  there  existed 
a  certain  relationship  between  these  fossils  and  the  recognized 
fannaa  of  the  Upper  Silurian  and  Devonian  as  developed  in  our  own 
country.  The  few  Corals  remind  me  of  Wenlock  species,  whilst 
the  Brachiopoda  wear  a  Devonian  aspect  This  determination  would 
bring  the  assemblage  nearest  to  the  Muth-series,  though  perhaps 
not  actually  identical  with  that  scanty  and  ill-preserved  fauna.  As 
confirmatory  evidence  the  fossils  of  the  Muth-series  are  said  to 
occur  in  an  arenaceous  limestone,  some  of  the  beds  being  of  a  purer 
limestone  of  dark  colour.^  The  dark  limestone  corresponds  very 
well  with  the  matrix  of  the  Chitral  fossils.  Moreover,  it  is  interesting 
to  remember  that  two  species  of  Cyathophyllum  are  recorded  from 
the  Muth-series. 

In  the  case  of  General  McMahon's  collection  it  cannot  be  said 
that  the  fossils  are  badly  preserved ;  they  are  less  drawn  out 
and  disfigured  by  pressure  than  many  Devonian  specimens  from 
Devonshire  or  Cornwall.  Some  of  the  specimens  remind  one  of 
Dudley  fossils,  except  that  the  limestone  is  darker  and  probably 
more  earthy.  The  specimens  also  in  most  cases  are  fairly  free  from 
matrix,  and  the  numerous  individuals  of  Atrypa  are  detached  and 
clean.  The  shells  are  in  the  condition  of  calcite  with  a  dark 
exterior.  Unfortunately  there  are  no  good  casts  of  interiors.  The 
conclusions  both  in  the  case  of  Corals  and  Brachiopoda  are  largely 
based  on  external  characters. 

Enu^ieration  and  Description  of  the  Fossils. 

CORALS. 

1.   Favosites  of.  CRI8TATA,  Blumcnbach.     (PL  II,  Fig.  1.) 

FavwUes  eristata :  Brit.  Foss.  Cor.  (Silurian),  p.  260,  pi.  Ixi,  figs.  3,  4. 

This  identification  rests  mainly  on  comparison  with  specimens 
from  the  Wenlock  Limestone  of  Dudley  in  my  own  collection.  The 
external  resemblance  is  very  striking.  There  is  less  resemblance 
to  the  figures  in  the  '^  British  Fossil  Corals."     The  following  is  the 

*  Vide  supra,  p.  50. 
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diagnosis  of  Edwards  &Haime:—"Corallum  dendroidal  .  .  .  . 
Galioes  somewhat  uneqaal  in  size,  often  almost  circular  and  with 
rather  a  thick  margin."  ''This  coral  bears  great  resemblance  to 
Favosites  [Fachypora]  cervicomis  of  the  Devonian,  and  we  were 
even  doubtful  as  to  its  being  specifically  distinct  from  it ;  its  calices 
ftre,  however,  less  unequal  in  size  and  almost  circular."  F.  eristaia 
is  said  by  these  authors  to  occur  likewise  in  the  Devonian  of  the 
Ural  Mountains. 

In  the  specimen  from  Chitral  a  variation  in  the  size  of  the  oalioeB 
in  the  left-hand  branch  of  the  corallum  is  observed,  and  this 
divergence  of  form  may  be  held  to  favour  the  view  as  to  its  affinity 
with  Faehypora  eervicomis,  so  common  in  the  Devonian  of  Torquay. 

There  is  another  specimen  of  FavosiUa  (?  Pachypora)  in  the 
collection,  which  is  less  markedly  dendroid,  and  in  which  the  calicos 
are  rather  smaller ;  but  this,  I  think,  may  be  referred  to  the  same 
species. 

2.  Cyathophyllum  of.  tbunoatum,  LinnsBus.     (PI.  II,  Figs.  2,  8.) 

Cyaihophyllum  truncatnm :  Brit.  Foss.  Cor.  (Silurian),  p.  284,  pi.  Ixvi,  figs.  6«-«. 

Edwards  &  Haime's  diagnosis  is  true  of  specimens  from  Chitral 
in  the  following  particulars  : — "  Corallites  regularly  turbinate,  not 
very  tall,  and  narrow  at  their  basis;  walls  covered  with  a  thin 
epitheca,  and  presenting  strongly  marked  accretion  ridges  .... 
central  fossula  large  and  rather  deep  ....  septa  (50  to  60) 
very  closely  set,  and  thick  towards  the  circumference,  rather  thin 
towards  the  centre,  rather  unequal  in  length  alternately ;  the  largest 
reaching  to  the  centre."  On  the  other  hand,  there  are  minor  points 
where  Edwards  &  Haime's  diagnosis  can  scarcely  be  said  to  apply, 
more  especially  as  regards  the  flattening  of  the  outer  part  of  the 
calice. 

The  Chitral  fossils  greatly  resemble  specimens  of  C.  truneatum 
from  the  Wenlock  Limestone  of  May  HiU,  more  than  they  do  any 
Devonian  species  such  as  Hallia  Pengellyi  or  C.  heltanthoidea,  Cyatho- 
phyUum  densumf  Lindstrom  (Eichthofen,  China,  Bd.  iv,  p.  65),  may 
approximate. 

There  are  five  specimens  in  the  collection  which  may  be  classed 
under  this  head,  besides  fragments  of  what  may  be  other  species 
of  Cyathophyllum, 

8.  Cyathophyllum  cf.  articulatum,  Wahlenberg.  (PI.  II,  Figs.  4, 5.) 

Cyathophylhtm  articHlatum  :  Brit.  Foss.  Cor.  (Silurian),  p.  282,  pi.  Ixvii,  figs.  1,  la. 

The  corallites  in  the  Chitral  specimens  are  all  detached,  and  hence 
taken  singly  do  not  compare  well  with  the  fine  composite  figures 
of  Edwards  &  Haime.  In  other  respects  their  diagnosis  is  fairly 
applicable.  ''Corallites  sub-cylindrical,  tall,  presenting  numerous 
prominent  accretion  ridges,  and  covered  with  a  thin  epitheca, 
through  which  the  costaa  are  apparent.  Calices  circular,  shallow." 
The  state  of  preservation  does  not  admit  of  further  comparison, 
lliere  is  a  specimen  in  my  own  (British)  collection  from  Dudley  or 
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May  Hill,  which  is  so  like  the  Chitral  specimens,  even  to  the  matrix, 
that  only  close  examination  would  enable  one  to  separate  them. 

Two  or  three  specimens  in  General  McMahon's  collection  may 
be  thus  referred. 

BRACHIOPODA. 

4.   Obthis  stbiatula,  Schlotheim.     (PL  II,  Figs.  6a,  6,  7a-e.) 

Orthi*  striafula,   Schlotheim:    British   Devonian  Brachiopoda,   p.   87,   pi.    xTii, 
figs.  4-7. 

Specimens  of  Orthis  are  rare  in  this  collection,  and  owing  to  the 
slipping  of  the  valves  very  much  thrown  out  of  shape.  Hence  the 
character  of  the  ornamentation  becomes  the  principal  factor  for 
specific  determination.  The  smaller  of  the  two  figured  specimens 
shows  the  Orthis  hinge  very  distinctly,  whilst  the  larger  one  fails 
in  this  respect.  Davidson's  diagnosis  is  sufficiently  comprehensive — 
"  Shell  variable,  usually  trimsversely  oval  or  elliptical,  but  at  times 
the  length  is  equal  to  or  slightly  exceeds  the  width."  But  for  this 
I  might  have  had  some  hesitation  in  thus  classifying  Fig.  6,  which  has 
a  strong  resemblance  to  Orthis  aquivahis,  Dav.  (Brit.  Silnr.  Brach., 
p.  263,  pi.  XXX,  figs.  9,  10).  As  regards  the  ornamentation,  the 
following  fairly  well  applies  both  to  the  larger  and  the  smaller 
specimen :  **  Exteriorly,  both  valves  are  closely  covered  with 
numerous,  fine,  thread-like,  rounded,  radiating  striss,  etc." 

Genus  SPIRIFER. 

There  are  a  great  many  specimens  of  Sptrifer  in  General 
McMahon's  collection,  most  of  which  can  be  focussed  under  some 
of  the  varieties  of  Sptrifer  disjunctus,  Sowerby,  as  grouped  by 
Davidson.  In  this  respect  it  seems  to  me  that  Davidson  has  made 
his  net  a  little  too  comprehensive. 

5.    Spirifbb  EXTEN8U8,  Sowerby.     (PI.  II.  Figs.  Sa-d.) 

Spiri/era  cxtensa^  Sowerby:  Trans.  Geol.  Soc,  ser.  ii,  vol.  v,  pi.  liv,  fip.  11. 
Sj/iri/er  di/fJuncttiSf  Sow.,  var.  extenm^  Sow. :   Brit.  Dev.  Brach.,  p.  23,  pi.  v,  tig.  11. 

Width  of  figured  specimen  40  mm.,  length  18  mm.  This  gives 
a  ratio  of  width  to  length  of  rather  more  than  2:1.  Shell  alate ; 
valves  moderately  convex  with  a  deep  sulcus  in  the  ventral  valve, 
whilst  the  dorsal  valve  has  the  mesial  fold  very  prominent ;  hinge 
area  narrow  and  nearly  straight.  The  beak  of  the  ventral  valve 
is  only  slightly  incurved,  and  but  slightly  projecting.  There  are 
about  4:5  radiating  costas  of  moderate  salience  on  each  valve,  and 
this  style  of  ornamentation  is  shared  by  the  sulcus  and  mesial  fold. 

The  Chitral  fossil  diff'ers  from  the  type-form  of  S,  extensus  chiefly 
in  being  somewhat  less  alate,  and  in  having  a  more  pronounced 
mesial  fold  and  sulcus.  In  this  respect  it  more  resembles  S.  calcarattis, 
Sow.,  which  Davidson  likewise  regards  as  a  variety  of  the  disjunctus- 
group.  It  must  be  noted  that  besides  the  alate  character  of  this 
fossil  (Fig.  8)  the  narrow  hinge  area  and  want  of  salience  of  the 
beak  of  the  ventral  valve  serve  to  separate  it  from  Sptrifer 
disjunctus  (Fig.  9). 

There  are  two  specimens  in  the  collection. 
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6.  SpmmB  DisjuvoTUS,  Sowerby.     (PL  II :    Bhomboidal  Tariety, 

Figs.  9a^,  10.) 

Spirifero  di^Jmncta,  Sow. :  Trans.  Geol.  Soc.,  ser.  n,  rol.  r,  pi.  liT,  figs.  12, 1%, 

and  explanation  of  plate. 
Spirifer  difjumetus.  Sow. :  Daridson,  Q.J.6.S.,  rd.  ix  (1853),  p.  354,  pi.  xt, 

figs.  1,2,  4  ;  ibid.,  Brit.  DeT.  Bracli.,  p.  23,  pi.  t,  especially  figs.  1,  4, 

and  5. 
Spirifer   Vtmeuili^  Mnrchison :   Kayser  in  Richthofen*8  China,  Bd.  ir,  p.  88, 

pi.  X,  fig.  3. 

Width  of  the  larger  figured  speoimen  (Figs.  9a-c)  d4mm. ; 
length  26  mm.  This  gives  the  width  to  length  as  3 : 2  approximately. 
Shell  rhoraboidal.  narrowing  towards  the  anterior  margin  so  as  to 
produce  a  corved  outline ;  valves  moderately  convex.  The  snloui 
and  mesial  fold  are  moderately  developed,  and  carry  nearly  the 
same  ornaments  as  the  rest  of  the  shell  (faintly  seen  in  the 
specimen  owing  to  attrition).  These  ornaments  consist  of  from 
50  to  55  regular  and  equidistant  cost®.  Hinge  area  wide  and 
triangular,  the  ventral  valve  greatly  overlapping. 

(Quadrate  variety,  Figs.  11,  12a-tf.) 

This  variety  is  shown  on  Davidson's  plate  in  the  Q.J.6.S.  by  the 
figs.  8  and  5,  and  in  the  Brit.  Dev.  Brach.  on  pi.  v,  fig.  6. 

Ratio  of  width  to  length  very  nearly  as  1 : 1.  Shell  quadrate, 
valves  usually  somewhat  tumid.  Sulcus  in  ventral  valve  wide 
and  not  very  deep;  fold  on  the  opposite  valve  correspondingly 
wide ;  ornaments  the  same  throughout.  Area  moderately  wide 
and  trigonal  in  shape ;  beak  of  ventral  valve  considerably  produced 
and  incurved. 

There  are  about  half  a  dozen  specimens  of  the  rhomboidal  form 
in  the  collection  from  Chitral,  and  rather  more  of  the  quadrate 
form,  together  with  some  which  may  be  deemed  intermediate. 

The  geographical  distribution  of  this  species  is  interesting. 
Davidson's  specimens  were  described  from  Kwang-si,  a  province 
in  the  south  of  China.  Herr  Kayser's  illustrations  of  this  speoiee 
occupy  more  than  half  of  a  quarto  plate  from  collections  made  by 
Bichthofen  in  south-west  China. 

7.  Spirifer,  species.     (PL  III,  Figs,  la-c.) 

Shell  ovate;  width  to  length  rather  less  than  3:2.  Ventral 
valve  very  tumid,  and  with  umbo  considerably  incurved  ;  area  small 
and  closed.  Sulcus  and  mesial  fold  not  very  conspicuous.  The 
ornaments  consist  of  numerous  fine  radial  strise. 

The  restricted  area  and  fine  radial  striae,  together  with  its  ovate 
form,  seem  to  separate  this  from  the  disjnnctuB-gcow^.  There  is 
only  one  specimen,  somewhat  indifferently  preserved.  The  internal 
mould,  which  is  partly  exposed,  consists  of  a  very  black  and  probably 
impure  limestone,  the  shell  itself  being  constituted  of  a  brownidi 
oalcite. 

8.   Athyris  concentric  a,  Von  Buch.     (PL  III,  Figs.  2o-c.) 

Terehratula  coneentrica.  Von  Buch:  Ueber  Terebratein,  p.  103,  Berlin  (1834). 
Athyru  eoncentricQy  Von  Buch :  Brit.  Dev.  Brach.,  p.  14,  pL  iii,  figs.  11-15,  24. 
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The  figored  specimen  conforms  pretty  well  to  the  diagnosis  given 
by  Davidson,  which  at  least  shonld  confirm  the  view  that  this  shell 
is  a  species  of  Athyris.  The  following  especially  applies  to  our 
specimen : — **  Beak  tumid,  moderately  produced,  incurved  and 
truncated  by  a  small  circular  aperture  close  to  the  umbone  of  the 
opposite  valve ;  surface  more  or  less  deeply  marked  by  numerous 
close,  concentric,  regular,  imbricating  laminsB  of  growth."  In  our 
shell  there  is  just  enough  left  of  these  imbricating  laminad  in  the 
sulcus  of  the  ventral  .valve  to  show  what  the  ornaments  of  the  shell 
originally  were. 

There  are  three  specimens  in  the  collection,  but  this  is  the  only 
one  showing  the  concentric  ornamentation. 

9.  Athybis,  species  or  variety.     (PI.  Ill,  Figs.  3a-c.) 

This  is  a  very  strongly  marked  form,  and  might  in  some  sense 
be  described  as  an  exaggerated  variety  of  A.  coneentrica.  The 
features  of  that  species,  such  as  the  sinus  on  the  ventral  valve  and 
the  mesial  fold  on  the  dorsal  valve,  as  likewise  the  imbricating 
concentric  ornamentation,  are  intensified.  The  principal  difference 
consists  in  the  great  predominance  of  the  ventral  valve  in  the  region 
of  the  beak,  almost  recalling  the  outline  of  Feniamerua, 

There  is  one  specimen,  in  by  no  means  a  bad  state  of  preservation. 

Genus  ATRYPA. 

Nearly  half  the  Brachiopoda  in  General  McMahon's  collection 
belong  to  this  genus,  and  the  specimens  are  for  the  most  part  free 
from  matrix,  whilst  some  are  fairly  well  preserved.  There  is 
considerable  uniformity  as  to  size  and  shape,  and  the  ornaments, 
as  a  rule,  are  strongly  imbricated.  Hardly  any  of  the  specimens 
present  the  fine  lines  of  Atrijpa  rettcularis,  and  moreover  the 
prevailing  shape  is  too  circular  for  that  species.  The  Chitral  fossils 
more  nearly  approach  Atrypa  aspera  and  its  numerous  varieties, 
and  under  this  species  it  will  be  convenient  to  focus  the  whole  group. 

10.  Atrypa  aspera,  Schlotheim.    (PI.  Ill,  Figs.  4,  5a,  6,  6a,  6,  7a,  6.) 

Atrypa  aspeia,  Schlotheim :  Brit.  Dev.  Brach.,  p.  57,  pi.  x,  figs.  5,  G. 
Ibid.,  var.  xquamosay  Sow. :  Brit.  Dev.  Brach.,  p.  57,  pi.  x,  fijjjs.  7,  8. 
Ibid.,  var.  Sinensis,  Kayser:  Richthofen's  China,  Bd.  iv,  p.  83,  pi.  ix,  fig.  3. 

Davidson  classified  Atrypa  aspera  simply  as  a  variety  of 
A,  reticularis,  and  he  further  remarks  that  it  is  always  found  in 
the  same  beds  and  localities  where  the  latter  occurs  and  abounds. 
The  important  point  for  us  to  consider  is  the  fact  that,  whereas 
A.  reticularis  is  equally  abundant  in  the  Upper  Silurian  and 
Devonian,  A.  aspera,  be  it  species  or  variety,  occurs  mainly  in 
the  Devonian,  its  place  in  the  Upper  Silurian  being  occupied  by 
A,  imbricata,  Sow.  As  to  the  existence  of  intermediate  forms,  no 
doubt  the  affinity  of  every  variety  of  Atrypa  may  be  traced  to  the 
prevailing  form,  viz.  reticularis,  if  one  is  so  inclined. 

In  dealing  with  the  Chitral  fossils,  Fig.  5a  may  be  accepted  as 
an  average  specimen,  very  well  preserved  as  regards  OTiiani^Til^,\>\x\. 


66  MtJLMm  if 


rendere'l  »<ws»«wb«  qmSnz*  ia  ■»>fiMi<r  by  m  1!%^ 
of  ii*9  v*)^^^*^    ^^  dcml  tiIt«  k  ibovK  viijk  tbe  tctj  snull 
bunk   «f  t^**  TwUii  vfclve  JMi  fHV^ecsdi^  be]rad  die  hinge-linA 
'IliA  tm/ImJ  ^M^Uk  tn  ttlknt.  r&vBiidd.  nd  ^^^^  i»bric«led,  especsuJlj 

i)m  //ri^Kial  ovUhut  vat§  p-robiliilj  kK  ciicolmr.  This  may  b( 
ff^fM^  M  BK/rfrDearij  af^f^xncidikg  JL  iftfiafaiiV ;  an  ailargement 
UnWffif^f  vcnld  febov  tLe  oocat  to  be  arai^T  imbricated  an( 
Mlm^M  <^j'3ai&oae:.  The  Talres  as  a  rule  aze  modentely  tumid 
flfiy  /l//rft(U  Talre  nsaalij  the  most  fo. 

K)j(.  i  iMu  good  example  of  the  tit.  *g— aw,  Sowerby.  In  thii 
iiM^  tJMp  circular  oatline  is  well  shown,  whilit  the  highlj  sqnamoai 
it\t$irwMr  of  the  anterior  p^rdcm  of  the  shell  is  obrioos. 

Fij^  'i<i,  h  repreaent  a  perfectlj  cimdar  and  slightly  glohow 
f/fffA  *A  medium  size  with  rerr  large  imbricated  ooatm.  This  maj 
Sm  /^/m  pared  with  the  Tar.  Simemtit  of  Kajaer.  thoogh  specimeiu 
ffiftu  China  would  seem  to  have  the  dorsal  Talre  lesB  tumid. 

11.   Atbtpa,  species  or  rariety.     (PL  III,  Hgs.  8a-«.) 

71iis  form  is  an  exaggeration  of  the  small  circolar  variety  o 
Alrypa  last  described.  Both  TalTes  are  extremely  tumid,  so  thai 
i\$»f  fthell  is  almost  as  globose  as  a  ball.  The  only  available  specimei 
U  much  abraded,  but  it  is  possible  to  perceive  that  the  oostas  wen 
hi((hly  imbricate,  and  that  there  are  indications  of  a  shallow  sinoi 
arid  felight  mesial  fold. 

\2,  CL  Bensslkbia  strixgiceps,  F.  Romer.     (PL  III,  Figs.  9a-c.) 

H^tmkUtria  ttringietpt  ?,  F.  Romer :  Brit.  Der.  Brach.,  p.  10,  pi.  ir,  figs.  6-7. 

A  single  specimen,  somewhat  indifferently  preserved  in  ver] 
black  limestone,  bears  great  resemblance  to  the  fossil  figured  b^ 
Davidson  under  the  above  appellation.  It  is  a  terebratuloid  shell 
with  a  beak  apparently  possessed  of  a  circular  foramen :  sbap< 
oblong,  valves  tumid,  especially  the  dorsal  valve.  The  dorsa 
valve  swells  out  rapidly  from  the  hinge  area ;  the  ventral  valv< 
has  a  slight  median  ridge,  increasing  in  sharpness  towards  the  beak 
The  valves  are  ornamented  with  strong  radiating  nodular  costn 
about  20  in  each  valve. 

13.   Rhynchonella,  species.     (PL  III,  Figs.  lOa-c.) 

Shell  transversely  oblong ;  length  18  mm.,  estimated  width  28  mm 
Dorsal  valve  ventricose;  ventral  valve  inclined  to  be  flat,  anc 
provided  with  a  wide,  shallow  sinus  towards  the  anterior  margin 
which  is  only  slightly  sinuous.  From  30  to  35  medium-sized  costs 
increase  regularly  towards  the  anterior  margin  without  interpolation 

This  is  the  only  specimen  in  the  collection  which  can  be  confidently 
referred  to  Bhynchonella,  It  is  an  average  sort  of  form,  which  maj 
possibly  have  some  relationship  to  B.  parcdlelopipeda,  Bronn  (vid< 
Riohthofen's  China,  Bd.  iv,  p.  77,  pL  viii,  fig.  1). 
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Other  Fossils. 

In  addition  to  the  species  already  enumerated  we  perceive 
indioationB  of  other  organized  forms. 

1.  There  are,  for  instance,  other  species  of  Bracbiopoda,  too 
obaooze  for  identification. 

2.  Impressions  of  what  seem  to  be  crinoidal  joints. 

3-  The  frequent  occurrence  of  Spirorbis  as  an  adherent  body. 
Tbis  is  similar  to  those  occurring  on  fossils  from  the  Upper  Silurian 
of  Dudley,  and  also  on  Devonian  fossils.  Of.  Kayser  in  Kichthofen's 
Ohina,  Bd.  iv,  p.  95,  pi.  xi,  fig.  2,  under  the  heading  Spirorbis 
ompkalodeM,  Ooldf.  ? 

4.  The  most  interesting  and  abundsuit  micro-organism  is  an 
incrustlDg  Coral  or  Monticuliporoid,  often  well  developed  on  the 
stem  of  Cyathophyllum.  The  size  and  character  of  the  mesh 
resemble  Moniiculipora  or  Chcetetes,  but  as  the  substance  is  too 
thin  to  bear  cutting  one  can  only  conjecture  its  generic  affinities. 

A  growth  apparently  identical  in  form  is  quite  common  on  Corals 
from  Dudley,  and  notably  on  a  specimen  of  Thecia  in  my  collection. 
In  the  British  (Natural  History)  Museum  there  is  a  specimen  of 
this  inomsting  organism  on  Spiri/er  plicatella.  This  specimen  is 
labelled  Heterotrypa,  sp.  (Allport,  coll.  D,  1752).  The  incrusting 
body  on  the  Chitral  fossils  appears  to  be  the  same. 

Conclusion. 

There  can  be  no  doubt  that  these  fossils  from  Chitral  indicate 
the  existence  of  a  Devonian  horizon  in  that  region.  The  Brachiopoda 
are  unmistakably  Devonian,  whilst  the  Corals,  if  rightly  identified, 
point  rather  to  species  of  Wenlock  age.  This  difference  may  arise 
from  one  of  three  causes — either  (1)  the  identification  of  the  Corals 
is  not  wholly  satisfactory ;  or  (2)  the  Corals  may  have  been  obtained 
from  slightly  lower  beds  ;  or  (3)  there  is  a  mixture  of  Upper  Silurian 
and  Devonian  forms. 

It  mnst  be  distinctly  understood  that  no  attempt  has  been  made 
to  found  new  species.  Identification,  if  only  approximate,  has  been 
my  object  throughout.  In  the  case  of  the  first  Coral  enumerated 
(PI.  II,  Fig.  1),  it  belongs  to  a  form-group  which  may  be  either 
Silurian  or  Devonian,  since  we  have  tlie  evidence  of  Edwards  & 
Haime  that  they  were  doubtful  if  a  true  distinction  could  be  made 
between  Favosites  crisiata  and  \_Pachypora]  cervicornis,  the  one  an 
Upper  Silurian,  the  other  a  Devonian  species. 

The  existence  of  a  Devonian  horizon  in  Eastern  and  Central  Asia 
^U8t  henceforth  be  regarded  as  established  beyond  any  doubt. 
*robably  the  first  notice  of  the  occurrence  of  Devonian  fossils  in 
China  was  given  by  De  Koninck,  who  described  a  Spirifer  and 
^  Bhpichonella  from  Yunnan.^  I  have  already  referred  to  Davidson's 
recognition  of  Devonian  fossils  from  the  Chinese  province  of 
Kwaug-si   (near  Canton).     From   south-western  China  Richthofen 

»  Bull,  de  TAcad.  Hoyale  de  M^'que,  184G. 
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obtained  a  large  series  of  fossils,  which  Eayser  regarded  as  Devonian. 
In  vol.  iv  of  Bichthofen's  China,  Herr  Eayser  recognizes  14  apeoiaa 
as  previously  known  and  14  as  new — all  of  Devonian  age/  So 
much,  then,  for  Devonian  beds  in  China. 

Proceeding  westwards,  we  next  find  traces  of  a  Devonian  fiinna 
in  the  Shan  states  of  Burmah.  The  following  is  from  a  report 
of  the  Geological  Survey  of  India  (March  81,  1901)  :  "  The 
occurrence  of  Devonian,  which  had  been  inferred  by  Mr.  P.  N.  Daftta, 
has  been  confirmed  by  Mr.  La  Touche,  who  found  Caleeola  sandaUna,*** 
It  is  a  far  cry  from  northern  Burmah  to  Chitral ;  nevertheless,  over 
a  range  of  2,000  miles  from  hard  by  the  Pacific  near  Canton  to 
the  very  centre  of  the  Hindu  Ehoosh  there  are  four  or  five  pointi 
where  a  Devonian  fauna  has  been  proved  to  exist  in  regions  not 
particularly  accessible  to  the  palseontologist.  Our  thanks  aie 
therefore  due  to  Greneral  McMahon  and  his  able  coadjntors  in 
Chitral  for  having  brought  this  interesting  series  of  fossils  to  light. 

EXPLANATION  OF  PLATE  II. 

N.B. — All  the  fij^res  are  drawn  from  photographs ;   except  Fig.  2  they  are  all  of 
natnral  size. 

Fio.  1. — Favoxites  of.  cnsfaOty  Blumcnbach.     Portion  of  dendroid  coroliam. 
Fio.  2. — Cyathophjllnm  cf.  truucatum^  Linnxus.     Transverse  section,      x  2. 
Fio.  3. — Ibid.    Longitudinal  view  of  another  specimen,  showing  the  calico. 
Fio.  4. — CyatJiophyilum  cf.  articulatumf  Wahlenberg.     Longitudinal  new,  shofwin^ 

accretion  ridges. 
Fio.  5. — Ibid.    Another  specimen  with  the  ridji:05  abraded. 
Fi08.  Cflr,  b. — Orthis,  species  ;  ?  small  variety  of  0.  striatulaf  Schlotheim. 
Fios.  7«-r. — Orthis  striatula,  Schlotheim. 
Fios.  8a-rf. — Spirifer  cjfnitus^  Sowerbv. 

Fios.  9a~c. — Spirifer  dixjimctuSy  Sowerby.     Khomboidal  or  type  form. 
Fio.  10. — Ibid.    A  smaller  specimen,  with  fine  stria). 
Fio.  11. — Ibid.     Quadrate  foi-m. 
Fios.  \2a~c. — Ibid.    A  larger  specimen  of  the  quadrate  form. 

EXPLANATION  OF  PLATE   III. 

N.B. — All  figures  natural  size,  except  Figs.  4,  5b,  and  11,  which  last  is  cancelled. 

Fios.  \a-c. — Spirifer,  species. 

Fios.  2a-c. — Athyris  concent r\ca.  Von  Buch. 

Fios.  Za-c. — At/ii/ris,  species  or  variety. 

Fio.  4. — Atrypa  a^pera,  Sirhlothcim,  var.  sqttatfioaa,  Sowcrby.      x  2. 

Fio.  5a. — Atrypa  aspera,  Schlotheim.     5b,  portion  of  test ;    x  4. 

FiOR.  Gfl,  b. — Atnjpa  aspvra,  Schlotheim,  approaching  Atrypa  reticuliiriM^  LimuDOS. 

Fios.  7^,  b. — Atrypa  aspera,  variety  approaching  var.  Sinensis,  Kayser. 

Figs.  Sa-c. — Atrypa,  species  or  variety. 

Figs.  9a-c. — Cf.  Jiennsleeria  utrinyiceps,  F.  Homer. 

Fios.  lOa-c. — Rhynchonella,  species. 

Fio.  11. — Cancelled. 

*  I  am  ind(^btcd  to  Mr.  R.  Bullen  Newton  for  drawing  my  attention  to  Herr 
Kayser's  important  work. 

*  Nature,  Aug.  8,  1901,  p.  r>50. 
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H — Tm  Bblation  of  Ohanoss  of  Level  to  Intebolaoial  Pbbiods. 

By  Professor  A.  P.  Colucak,  Toronto  University,  Canada. 

PE  interesting  paper  on  ''The  Connection  of  the  Glacial  Period 
with  Oscillation  of  the  Land,"  by  Br.  Holst,^  while  reinforcing 
he  qoite  probable  theory  that  areas  loaded  with  glacial  ice  sink 
inder  the  harden,  and  after  the  ice  has  been  thawed  rise  again, 
ices  out  of  its  way  to  deny  the  existence  of  Interglacial  periods, 
*iobably  with  the  idea  that  there  was  only  one  important  sinking 
nd  rising  in  the  Pleistocene,  and  hence  no  opportunity  for  Inter- 
;laoial  times.  However  that  may  be  in  Sweden,  the  evidence  in 
Avour  of  at  least  one  important  Interglacial  period  in  North  America 
s  too  strong  to  be  set  aside  for  any  mere  theory. 

At  the  Meeting  of  the  British  Association  in  Toronto  in  1897, 
^  number  of  British  geologists  had  an  opportunity  of  seeing  sections 
►f  the  drift  in  the  Don  valley  and  at  Scarboro'  Heights  near  Toronto, 
vhich  show  a  very  extensive  series  of  sediments,  rich  in  fossils, 
ying  between  two  well-defined  sheets  of  Boulder-clay. 

A  committee  was  appointed  to  work  out  in  detail  the  relationships 
)f  these  Interglacial  beds,  and  the  secretary  of  the  committee,  the 
present  writer,  aided  by  generous  grants  from  the  Association, 
carried  on  a  series  of  explorations  the  results  of  which  were  reported 
It  the  three  following  meetings.  A  detailed  summing  up  of  the 
Tacts  observed,  giving  sections  and  lists  of  about  180  species  of  plants 
ind  animals,  chiefly  forest  trees,  fresh-water  shellfish,  and  beetles, 
but  including  elephants,  bison,  and  caribou,  was  published  last 
Summer  in  the  Journal  of  Geology.* 

In  a  few  words  the  general  character  of  the  facts  observed  may  be 
given  here,  so  that  the  strength  of  the  evidence  may  be  appreciated ; 
and  lest  there  should  be  any  doubt  as  to  the  reality  of  the  Interglacial 
position  of  the  beds  in  question,  it  may  be  stated  that  they  have  been 
visited  by  numbers  of  glacialists  from  the  United  States  as  well 
«8  the  Old  World,  some  of  them  strongly  opposed  to  the  idea  of 
Interglacial  periods ;  but  all  have  admitted  that  they  are  really 
Interglacial,  though  there  have  been  differences  of  opinion  as  to 
"Whether  the  ice-sheet  completely  vanished  during  the  time  of  their 
deposition,  or  merely  withdrew  to  a  greater  or  less  distance  and  then 
*<lvanced  again. 

The  Interglacial  beds  consist  mainly  of  a  series  of  lake  deposits, 
*^ds  and  clays,  probably  formed  as  a  delta  at  the  mouth  of  a  largo 
'^Ver.  They  are  more  than  186  feet  in  thickness  at  some  points, 
^^d  at  least  18 J  miles  wide  along  the  shore  of  Lake  Ontario  ;  while 
•hey  have  been  traced  inland  more  than  G  miles,  beyond  which  they 
^^©  buried  under  glacial  materials. 

At  the  base  of  the  series,  resting  on  an  eroded  surface  of  Boulder- 
^*^y,  are  41  feet  of  the  Don  beds,  containing,  according  to  Professor 

^  Translation  by  Dr.  F.  A.  Bather :  Geol.  Mao.,  May,  1901,  pp.  205-216. 
*  "Glacial  and  Interglacial  Beds  near  Toronto"  :  Joum.  Geol.,  voX.  \x,  'So.  ^, 
Pp.  286-310. 
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Penhallow,  an  assemblage  of  forest  trees  like  that  of  Ohio  or 
Pennsylvania,  some  of  them  reaching  their  northern  limit  to  the 
soath  of  Toronto,  others  still  growing  in  southern  Ontario.  One 
of  them,  Acer  pleistoeenicum,  is  extinct.  Tree  trunks  18  inches 
across  are  found  at  Yarious  levels  in  the  Don  beds,  generally  too 
much  flattened  by  the  pressure  of  the  later  ice-sheet  to  permit  of 
counting  their  annual  rings,  though  one  that  was  better  preserved 
than  usual  was  found  to  have  120  rings  in  a  width  of  4  inches, 
and  must  have  been  7  inches  in  radius  when  complete,  i.e.  200  yean 
old.  These  trees  occur  at  the  very  bottom  of  the  beds  as  well  as 
at  several  levels  above,  and  must  represent  different  generations  of 
forest.  The  upper  or  Scarboro'  beds  contain  trees  and  other  plants 
as  well  as  beetles,  of  a  cool  temperate  climate,  like  that  of  the  north 
shore  of  Lake  Superior,  according  to  Dr.  Macoun  and  Dr.  Scudder. 
There  are  no  Arctic  nor  sub- Arctic  forms  among  them,  and  no  glaciated 
pebbles  nor  ice-transported  boulders;  and  the  stratified  clay  is 
more  ferruginous  and  less  calcareous  than  any  of  our  stratified 
glacial  clays,  burning  to  red  brick  instead  of  grey  brick  like  the 
latter.  The  large  river  which  formed  the  delta  must  have  drained 
the  upper  lakes  by  a  direct  channel  from  Georgian  Bay  on  Lake 
Huron  to  Scarboro*  on  Lake  Ontario,  and  could  not  have  drawn  its 
waters  from  glacial  sources. 

It  may  be  noted  that  at  the  very  beginning  of  these  Interglaoial 
beds  trees,  such  as  three  species  of  oak,  an  elm,  the  red  cedar,  and 
the  pawpaw,  were  growing  in  the  Don  valley,  showing  that  the 
climate  was  already  warm,  the  last  tree  indicating  a  dry  and  hot 
Summer  like  that  of  Ohio.  The  isotherms  evidently  ran  150  miles 
north  of  their  present  position  in  eastern  America. 

Let  us  now  turn  to  another  side  of  the  evidence.  At  the  beginning 
of  the  deposits  the  water  in  the  Ontario  basin  stood  no  higher  than 
at  present,  perhaps  lower,  for  streams  eroded  their  channels  through 
the  Boulder-clay,  and  even  16  feet  into  the  solid  rock  beneath,  as 
shown  in  one  of  the  Don  sections.  Afterwards  the  water  in  the 
basin  rose  to  GO  feet  above  Lake  Ontario  at  the  end  of  the  Don  beds, 
and  to  152  feet  or  more  above  that  level  before  the  close  of  the 
Scarboro*  beds.  There  is  no  doubt  about  this  point,  for  the  deposits 
may  bo  followed  for  miles  with  fine  and  even  stratification,  and 
could  not  have  been  formed  by  glacial  rivers  on  a  sloping  land 
surface,  as  suggested  by  Mr.  Warren  Upham.^ 

Afterwards  there  was  a  fall  in  the  level  of  the  water  to  a  point 
much  below  that  of  Ontario,  and  rivers  had  time  to  cut  valleys 
more  than  150  feet  deep  and  from  a  mile  to  five  miles  in  width 
through  the  Interglaoial  clay  and  sand.  We  have,  therefore,  an 
interval  of  erosion  with  low  water  after  the  retreat  of  the  earlier 
ice-sheet  before  the  warm-climate  beds  were  laid  down ;  and  a  very 
long  stage  of  erosion  with  still  lower  water  after  the  oold-temperate- 
climate  beds  were  deposited ;  while  there  was  a  stage  of  high  water 
between.  How  shall  we  account  for  these  changes  in  the  Interglaoial 
water-levels  ? 

*  Amer.  Geol.,  ?ol.  xxviil,  No.  6,  p.  315. 
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Only  two  explanations  have  been  suggested,  an  ice  dam  at  the 
oatlet  of  Lake  Ontario,  or  an  epeirogenio  uplift  of  the  region  to  the 
north-east,  like  that  proved  by  Dr.  Qilbert  to  be  now  going  on  in 
the  Great  Lakes  region,  followed  by  a  sinking  of  the  land  again. 

It  seems  incredible  that  after  centuries,  if  not  thousands,  of  years 
of  hot  summers  like  those  of  Pennsylvania  the  ice-sheet  should  still 
be  lingering  at  the  Thousand  Islands,  and  should  even  advance 
50  miles  to  the  south,  forming  a  wall  of  ice  200  or  more  feet  thick 
acrofls  the  powerful  Interglacial  St.  Lawrence  river.  If  the  ice  could 
Uias  advance  during  the  warm  climate  epoch,  why  did  it  withdraw 
again  after  the  climate  had  become  cooler  ? 

The  improbabilities  of  the  ice-dam  theory  are  too  great,  and  we 
must  turn  to  the  other  theory  of  an  uplift  to  the  north-east  followed 
by  a  depression  for  a  satisfactory  solution  of  the  problem.  Here 
a  point  of  interest  in  connection  with  Dr.  Hoist's  thesis  makes  its 
appearance.  If  during  the  warm  Interglacial  period  there  was 
a  great  differential  uplift  toward  the  north-east,  was  it  not  due  to 
the  thawing  of  the  Labradorean  ice-sheet,  supposed  to  have  been 
a  mile  or  even  two  miles  thick,  and  the  resulting  relief  from 
pressure  ? 

The  supposition  seems  probable ;  and,  since  the  water  was  ponded 
back  to  a  height  more  than  150  feet  above  the  present  level,  may  we 
not  suppose  that  Labrador  toward  the  end  of  the  time  of  deposit 
stood  hundreds  and  possibly  thousands  of  feet  higher  than  now? 
Such  an  elevation  towards  the  north-east  would  have  rendered  the 
climate  of  Labrador  much  colder ;  and,  perhaps  aided  by  changes 
in  the  constitution  of  the  atmosphere  or  other  causes,  may  have 
started  a  fresh  accumulation  of  ice,  which  as  it  thickened  pressed 
down  the  region  and  thus  drained  off  the  Interglacial  lake  and 
allowed  rivers  to  cut  their  valleys. 

Finally,  the  last  ice-sheet,  after  advancing  over  the  whole  region, 
thawed,  and  the  slow  elevation  toward  the  north-east  began  again. 
The  distortion  of  the  old  Iroquois  beach,  as  shown  by  the  work  of 
Drs.  Spencer  and  Gilbert,  gives  an  idea  of  how  much  elevation  has 
been  regained,  and  Dr.  Gilbert's  work  in  connection  with  lake-levels 
proves  that  the  process  is  still  going  on  ;  though  the  last  vestige  of 
the  Labradorean  ice-sheet  long  ago  disappeared. 

Apparently  these  changes  of  level  are  very  much  iu  arrears  of  the 
changes  of  load,  and  it  may  take  even  thousands  of  years  for  the 
•  earth's  crust  to  readjust  itself  after  a  burden  has  been  removed. 
We  must  not  think  of  the  solid  rock  or  lithosphere  as  a  thin  crust 
resting  on  a  molten  layer,  but  as  merging  downwards  into  a  plastic 
layer — Dr.  Murray's  tectosphere — which  can  yield  to  long-applied 
pressure  and  flow  sluggishly  to  each  side.  After  the  pressure  is 
removed,  it  returns  in  an  equally  sluggish  way.  If  this  conception 
of  earth- movements  is  correct,  the  idea  of  motions  due  to  the  elasticity 
of  the  crust,  like  a  pendulum  set  free,  as  suggested  by  Dr.  Hoist, 
must  be  abandoned.  The  rocks  forming  the  lithosphere  are  not 
appreciably  elastic,  nor  is  the  tectosphere  a  fluid  that  res^otvd^ 
quickly  to  changes  by  successive  waves   slowly   dying  out.     ^\v^ 
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flurfaoe  cannot  rebound  beyond  the  level  appropriate  to  its  apeoific 
gravity,  bat  is  likely  through  friction  to  halt  somewhat  below  that 
point 

It  is  probable  that  the  return  of  the  plastic  substratam  after  the 
load  has  been  removed  is  not  at  a  uniform  rate,  perhaps  because 
of  halts  in  the  recession  of  the  ice  or  even  of  temporary  advances 
during  the  time  of  general  retreat ;  and  thus  the  successive  marine 
terraces  found,  for  instance,  on  the  lower  St.  Lawrence  would  be 
accounted  for. 

One  other  point  seems  worthy  of  discussion,  as  to  whether  the 
pre-Glacial  and  Interglacial  elevation  of  the  north-east  of  America 
was  sufficient  to  account  for  an  Ice  Age  without  other  aid.  Hie 
evidence  of  the  submerged  channels  of  the  St.  Lawrence  and  other 
rivers  points  to  a  former  elevation  of  about  3,000  feet  above  the 
present  level.  It  is  doubtful  if  that  would  place  Labrador  above 
snow-line  under  existing  climatic  conditions,  since  the  present  level 
of  the  country  is  not  more  than  one  or  two  thousand  feet.  Snow-line 
in  the  Rocky  Mountains  and  Selkirks  at  the  same  latitude  ranges 
from  9,000  to  7,500  feet ;  and  even  with  the  difiference  due  to  oold 
oceanic  currents,  4,000  or  5,000  feet  seems  too  low  an  average  level 
for  perpetual  snow  in  central  Labrador. 

The  elevation  of  Scandinavia,  where  there  are  now  mountains 
8,000  feet  high,  with  numerous  snowfields  3,000  or  6,000  feet 
higher,  would  no  doubt  under  present  conditions  produce  a  great 
extension  of  the  ice,  perhaps  covering  most  of  the  land  ;  but  would 
it  push  ice-sheets  across  the  Baltic  and  North  Sea  to  Qermany  and 
England  ?  This  seems  very  improbable ;  and  some  supplemental 
cause  should  perhaps  be  sought  for,  but  a  discussion  of  such 
questions  would  lead  us  too  far. 


in. — On    an    il^veoZina-LiMBSTONB   and   Nummulitio  Limsstonib 

FROM  Egypt. 

By  Frederick  Chapman,  A.L.S.,  F.K.M.S. 

Part  I. 

rPHE  following  description  of  Egyptian  foraminiferal  limestones 
1.  is  based  on  a  series  of  specimens  transmitted  to  me  by 
Dr.  H.  Woodward,  F.R.S.,  on  behalf  of  Captain  H.  G.  Lyons,  F.Q.S. 
The  series  comprises  specimens  from  the  Eocene  and  Miocene 
of  the  eastern  side  of  the  Bed  Sea  Hills,  collected  by  Mr.  Thomas 
Barron,  F.G.S. ;  and  specimens  from  the  Eocene  of  the  east  side 
of  the  Nile,  between  Assiut  and  Qena,  and  from  the  Baharia  and 
Farafra  Oases,  collected  by  Mr.  H.  J.  L.  Beadnell,  F.G.S.  A  great 
amount  of  interest  attaches  to  these  rocks,  both  as  regards  their 
general  character  and  preservation,  and  also  with  respect  to  their 
microzoic  contents. 

The  present    series    of   rock-specimens   may    be  described    as 
follows : — 
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2fa  2,195, 1&.  "  Aforof  fe^'na-limeatones,  2  kilometres  north-west  of 
Gamp  49»  Wadi  Dara,  east  of  Bed  Sea  Hills.  Outlier  of  Miooene 
on  Booene  and  Cretaoeoos  "  (T.  Barron).     (PI.  lY,  Fig.  1.) 

An  oohreoas  limestone,  partly  dolomitio.  The  interstitial  material 
originally  oaloitio,  bat  now  largely  replaced  by  minute  rhombohedral 
eiystals  of  dolomite.  A  few  subangular  and  rounded  quartz-grains 
also  oocnr  in  this  rook,  the  larger  ones  exhibiting  a  ooarse  poly- 
synthetio  struoture  under  polarized  light,  such  as  may  be  seen  in 
fragments  derived  from  secondary  quartz-veins. 

The  Heieroitegtnm  have  been  subjected  to  some  considerable 
amount  of  pressure  and  are  more  or  less  deformed  ;  the  thin 
discoidal  tests  are  often  bent,  and  occasionally  fractured  over  and 
i^nst  the  larger  quartz-grains.  The  tests  of  Heteroategina  depre$$a 
constitute  a  laige  proportion  of  the  limestone,  perhaps  as  much  as 
90  per  oent  Associated  with  the  Heteroategina  we  notice  many 
ipecimens  of  Amphistegina  Leaaonii,  and  in  one  section  of  the  rook 
a  crashed  specimen  of  Alveolina  was  noted,  presumably  derived. 
Besides  the  foraminifera,  there  are  several  sections  of  polyzoa  and 
iome  traces  of  lamellibranch  shells. 

Miooene. 

^0, 1,622,  56A,  and  No.  1,622, 6k.  "  Limestone  under  Eocene  nodular 
bed  near  Jebel  Hamrawein  "  (T.  Barron).     (PI.  IV,  Fig.  2.) 

This  limestone  contains  a  large  proportion  of  a  small  variety  of 
y.  curvispira.  There  are  apparently  no  other  organisms  present 
in  the  rock.  The  groundmass  of  this  limestone  is  well  crystallized, 
and  contains  numerous  brown,  indefinite-shaped  glauconite  grains. 
The  specimen  56ft  contains  nodules  of  chert  which  show  a  gradual 
passage  from  the  limestone  into  the  chert,  the  latter  being  iso- 
iDorphous  with  the  former  as  regards  the  organic  contents.  In 
the  passage  zone  between  the  limestone  and  the  chert  a  great  deal 
of  dolomite  is  present  in  the  form  of  small  rhombohedral  crystals. 
In  connection  with  these  facts  it  is  worth  noting  similar  occurrences 
in  many  of  the  Devonian  and  Carboniferous  cherts  of  England,  and 
it  seems  to  point  to  a  certain  sequence  of  chemical  changes  which 
occur  in  the  silicification  of  limestones. 

Middle  Eocene  :  Mokattam  Series. 

No.  3,535,  52/.  *'  Nummulitic  limestones  with  bryozoa.  Corner 
of  cliff  north  of  Salamuni,  between  Assint  and  Qena,  east  side 
of  NUe  -  (H.  J.  L.  Beadnell).     (PI.  IV,  Fig.  3.) 

A  pure  white  chalky  or  earthy  limestone  with  many  nummulites, 
both  larg^  and  small,  and  some  Operculina,  The  groundmass  of 
this  rock  is  very  finely  crystalline,  and  was  most  probably  a  chalky 
mud  in  its  original  condition.  It  contains  Operculina  complanata 
var.  pyramidum,  Nummulitea  Beaumontif  and  N,  auh'Beaurtionti, 

Eocene :  Upper  Libyan  or  Lower  Mokattam  Series.^ 

1  The  fauna  of  this  and  the  following  specimens  appears  to  be  homotaxial  in  part 
with  the  Lower  Mokattam  beds  found  larther  to  the  north,  and  thia  Y\ew  \a  a\\SiX^\ri 
Mr.  Beadnell,  who  has  written  to  me  on  the  subject  in  a  letter  dated  6t\\  X^ri\.,\^^\, 
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fiox  G,  No.  1,467(2.  '' Nummulites  from  a  locality  39  kilometies 
west  of  Bawitti,  on  plateaa  west  of  Baharia  Oasis  "  (H.  J.  L. 

Beadnell).' 

A  collection  of  nammulites  of  one  kind,  namely,  N.  Qiuiheims 
yar.  Pachoi;  these  specimens  are  greatly  worn  and  sand-polished. 
Also  a  small  fragment  of  limestone  crowded  with  specimens  of 
N.  cwrvispira. 

Eocene  :  Upper  Libyan  or  Lower  Mokattam  Series. 

Box  M,  No.  l,430e.  '*  Operculina  and  nammulites,  39  kilometres 
west  of  Bawitti,  on  plateau  west  of  Baharia  Oasis  "  (H.  J.  L. 
Beadnell).     (PI.  IV,  Fig.  4.) 

The  micro-structural  features  of  this  limestone  are  rather 
peculiar.  Apparently  the  interstitial  mud  has  crystallized  round  the 
nummulites,  and  during  this  process  the  cement  has  contracted  so 
as  to  leave  interspaces  in  the  rock.  The  resultant  cavities  have 
subsequently  been  partially  or  entirely  filled  with  little  geodes  of 
secondary  quartz,  showing  a  polysynthetic  type  of  strncture  under 
polarized  light  with  the  microscope.  This  condition  of  the  limestone 
seems  to  render  it  almost  proof  against  weathering  action.  The 
rock  is  rather  variable  in  its  colour  and  appearance,  and  presentB 
a  pale  cream  to  a  dark  reddish  tint,  due  to  the  varying  amounts 
of  iron-staining.  The  surfaces  of  some  of  the  rock-specimens  are 
wind-polished.  In  mineralogical  structure  some  of  the  samples  have 
almost  passed  into  the  condition  of  Beekite. 

The  following  foraminifera  occur  in  this  rock :  Textularia  ?  gramokt 
Olohigerina  hdloides,  Operadina  complanata  var.  discoidea,  NummuUUs 
Gizehensis  var.  Pachoif  iV.  curvispira,  N,  discorhina^  N.  suhdiscorbifuif 
and  Orhitoides  {Diacocyclina)  dispansa  (  =  0.  dilahida,  Sch wager). 

Eocene  :  Upper  Libyan  or  Lower  Mokattam  Series. 

Box  M,  Nos.  8,3356  and  c.  '' ilZveoZtna-limestone,  western  wall 
of  depression  of  Farafra  Oasis  (El-Guss- Abu-Said)"  (H.  J.  L. 
Beadnell).     (PI.  IV,  Fig.  5.) 

A  white  or  pale  cream-coloured  limestone,  having  a  soft  crumbling 
texture,  and  crowded  with  AlveoUna,  The  fractured  surface  of  the 
rock  is  seen  to  be  thickly  studded  with  these  foraminifera,  or  shows 
numerous  cavities  where  they  have  dropped  out.  A  rudely  stratified 
structure  is  seen  in  weathered  surfaces  of  this  limestone,  or  where 
it  has  been  subjected  to  wind-wearing  action. 

The  groundmass  of  this  rock  seen  under  the  microscope  is  finely 
granular,  but  crystalline ;  and  the  interior  of  the  organisms  are 
usually  filled  with  calcite  crystals,  larger  than  those  of  the  cement, 
a  result  of  slower  growth. 

Four  species  of  Ostracoda  were  found  in  the  disintegrated  rock, 
viz.,  Bairdia  suhdeltoiden^  B,  Bcadnelli  sp.  no  v.,  B.  mtnuta  sp.  nov., 
and  Cythere  farafrensis  sp.  nov. 

1  In  his  paper  on  **  Recent  Geological  Discoveries  in  the  Nile  Valley  and  Libyan 
Desert**  (Loudon,  1901),  Mr.  Beadnell  rcfere  in  detail  to  the  relations  of  the 
Cretaceoas  and  Eocene  at  the  above-named  locality,  and  regards  the  nummulitic  and 
Operenlina  limestones  as  Upper  Libyan  (p.  12  op.  cit.). 
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As  remarked  above,  the  larger  proportion  of  the  rock  is  composed 
of  foraminifera  belonging  to  the  genus  Alveolina ;  but  there  are  several 
other  genera  present,  considerably  smaller  in  size  and  much  rarer. 
The  list  is  as  follows :  Miliolina  inflaiaj  Alveolina  ellipaoidaliSf 
A,  dedpiens,  A.  deeipiena  var.  dolioli/ormia,  A.  paaticillata,  Flaeoptilina 
eenomana,  Valvtdina  Schwageri  sp.  no  v.,  Bidimina  elegantissima  var. 
9emnuda,  Ditcorbina parisientiBf  Truncatulina  candidtda,  T,  Ungeriana, 
Heterostegina  depressa,  Nummuliiet  Biarrilzenais  var.  proBcursor. 

Eocene  :  Upper  Libyan  or  Lower  Mokattam  Series. 

Box  M,  No.  1,531/.  ''Nnmmulitic  and  Opereulina  limestone, 
8  kilometres  north  of  Mandisha,  Baharia  Oasis"  (H.  J.  L. 
Beadnell). 

A  shaly,  ochreous-stained  limestone.  Nummulites  and  Operculirue 
largely  make  up  the  mass  of  the  rock.  A  few  fragments  of  a  vesicular 
lameilibranch  shell-structure  (Ottrea*^)  occur  in  thin  sections  of  this 
limestone. 

The  foraminifera  yielded  by  this  rock  are :  Glohigerina  cretacea 
(?  derived),  Opereulina  eomplanata  var.  canalifera  (  =  0.  libyca, 
Sch wager),  Nummulites  Bamondij  and  N.  variolaria. 

Eocene :  Upper  Libyan  or  Lower  Mokattam  Series. 

Box  M,  No.  3,348^.  ''Nummulites  and  Opereulina.  Cliff  8  kilo- 
metres N.N.W.  of  Bawitti,  Baharia  Oasis  "  (H.  J.  L.  Beadnell). 
(PI.  IV,  Fig.  6.) 

A  pale  ochre-yellow  limestone  with  numerous  cavities  once 
occupied  by  nummulites  and  Opercxdince.  The  entire  substance 
of  this  rock  has  undergone  chemical  and  molecular  change.  The 
cementing  material,  as  seen  under  the  microscope,  is  recrystallized 
and  dolomitized,  whilst  the  cavities  representing  the  nummulites 
and  shells  are  either  filled  with  calcite,  or,  as  in  the  case  of  the 
larger  nummulites  and  Opereulina,  represented  only  by  hollow  casts, 
or  skeleton  whorls  bordered  by  dolomite  rhombs.  The  surfaces  of 
the  cavities  of  the  foraminiferal  casts  sometimes  show  a  distinct 
septation,  so  much  so  as  to  leave  no  doubt  regarding  the  identity 
of  at  least  two  species  of  the  foraminifera. 

The  foraminifera  present  in  this  rock  appear  to  be  Opereulina 
eomplanata  var.  canalifera,  Nummulites  ?  Biarritzensis  var.  prcecursor, 
and  N  Ouettardi  var.  antiqua. 

Eocene  :  Upper  Libyan  or  Lower  Mokattam  Series. 

Box  M,  No.  1516^.  "Nummulites,  17  kilometres  N.N.E.  of 
Ain-el-Haiss,  Baharia  Oasis"  (H.  J.  L.  Beadnell). 

A  series  of  nummulites  comprising  two  species  in  about  equal 
proportion,  namely,  N.  Beaumonii  and  N  sub-Beaumonti, 

Eocene  :  Upper  Libyan  or  Lower  Mokattam  Series. 

OSTRACODA. 

BAIKDIA,  McCoy  [1844]. 

Bairdia  subdeltoidea  (Miinster). 

Jones  &  Shcrbom,  1889 :  Monogr.  Tert.  Entom.,  Pal.  Soc,  p.  16,  pi.  i,  figs.  16tf,  6. 
Chapman,  1900 :   Oeol.  Mao.,  Dec.  IV,  Vol.  VII,  p.  4. 
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A  speoies  nearly  allied  to  the  above,  namely,  B,  faveolaia, 
G.  S.  Brady,  is  foand  in  reoent  deposits,^  and  our  Egyptiai 
specimens  are  not  unlike  it  as  regards  the  superficial  markingi 
on  the  carapace,  but  the  lateral  view  of  the  recent  speoies  has  aa 
outline  which  is  perhaps  more  nearly  comparable  with  that  of 
B,  auhtrigona,  Bornemann. 

Formerly  recorded  from  Egypt  from  an  ilZ«ea{iiia  -  limestons 
doubtfully  referred  to  Lower  Miocene,  from  a  locality  between 
Cairo  and  Suez. 

Two  specimens  measuring  in  length  1'7  mm.  and  1*2  mm. 
respectively. 

Found  in  No.  3,3355,  Alveolina  -  limestone.  Farafra  Oasis  : 
Libyan  Series. 

Bairdia.  Bbadnblli,  sp.  nov.     (PI.  V,  Figs,  la-c) 

Carapace  elongated,  somewhat  compressed ;  height  equal  to  half 
the  length,  and  situated  in  front  of  the  middle.  Laterally  the  shape 
is  somewhat  amygdaloidal.  Anterior  extremity  obliquely  rounded 
and  angulated  at  its  junction  with  the  dorsal  margin;  posterior, 
somewhat  acute.  Dorsal  margin  well  arched,  sinuated  in  front; 
ventral,  straight  or  slightly  convex  tow^trds  anterior  extremity. 
Outline  seen  from  above  compressed  ovate,  thickest  in  the  middla 
End  view  sub-spherical. 

Length  of  largest  specimen,  1-6  mm.;  greatest  height,  '9mm.; 
thickness  of  carapace,  '73  mm. 

In  lateral  aspect  this  species  is  not  unlike  B,  CroMgheiana,  Brady,' 
but  without  the  deuticuli  on  the  ventral  margin.  The  edge  view  of 
our  specimens  is,  however,  very  different,  the  greatest  thickness 
being  in  the  middle  of  the  carapace.  This  species  is  distinguished 
by  the  name  of  the  collector  of  the  specimens  which  have  yielded 
so  many  interesting  forms. 

Found  rarely  in  No.  3,3356,  ilZv^oZtna-limestone.  Farafra  Oaaia: 
Libyan  Series. 

Baibdia  minuta,  sp.  nov.  (PL  V,  Figs.  2a-c.) 
Carapace  compressed  ;  seen  from  the  side  sub- trigonal.  He 
anterior  extremity  rounded  at  the  antero- ventral  angle,  and  slightly 
sinuate  on  the  opposite  or  antero  -  dorsal  angle.  The  posterior 
extremity  is  acute  and  sinuate.  The  dorsal  margin  well  arched  in 
the  middle,  the  ventral  hollowed  below  the  middle.  Edge  view 
sub-ovate,  but  thin  ;  end  view  sub-oval. 

Length,  *9  mm. ;  height,  *5  mm. ;  thickness,  *33  mm. 
One  example   of    this  small   but  neatly-shaped  form  found   in 
No.  3,3356,  il/veo/ina-limestone.     Farafra  Oasis  :   Libyan  Series. 

Ctthbkb  farafrensis,  sp.  nov.     (PI.  V,  Figs.  3a-c.) 

Carapace  tumid,  sub-quadrangular  in  its  lateral  aspect ;  greatest 
height  in  front,  and  equal  to  nearly  two-thirds  of  the  length.  The 
anterior  extremity  somewhat  straight  and  gently  rounded  at  the 

1  G.  S.  Brady,  1880 :    Rop.  Chall.  Eip.,  Zool.,  pt.  iii,  p.  66,  pi.  ?iii,  figs.  !•-/, 

2fl-/. 

2  Rep.  Chall.  £xp.,  Zool.,  pt.  iii,  p.  68,  pi.  iz,  figs.  da-c. 


Dr.  C.  Callawai/— Cheddar  Gorge.  67 

angles;  posterior  extremity  narrower  and  rounder.  Dorsal  margin 
nearly  straight,  slightly  incurved  at  the  middle,  where  the  anterior 
flange  tapers  ofi^  Ventral  margin  straight,  hut  in  the  lateral  aspeot 
enoroached  upon  hy  the  postero  -  ventral  swelling.  Surface  of 
carapace  gradually  rising  from  the  antero-dorsal  angle  toward  the 
postero-ventral,  where  it  is  steep,  and  surmounts  the  posterior 
flange;  somewhat  pitted  and  having  three  or  more  small  tubercles 
arranged  in  the  centre  of  each  valve.  Outline,  as  seen  from  above, 
irregularly  ovate,  widest  at  the  posterior  third,  the  anterior  ex- 
tremity rapidly  tapering  and  concave  in  that  part  of  the  outline; 
posteriorly  the  carapace  ends  in  a  blunt  point.  End  view  sub- 
orbicular  and  slightly  wedge-shaped  at  the  dorsal  margin. 

Length,  *76  mm. ;  height,  *5  mm. ;  thickness  of  carapace,  *53  mm. 

From  the  Alveolina  -  limestone.  No.  3,3356.  Farafra  Oasis  : 
Libyan  Series. 

{To  k0  t€nt%m»§d  :  the  Plates  will  be  given  in  our  next  Number.) 

lY. — ^The  Zigzag  Coubse  of  the  Cheddab  Gorge. 
By  C.  Callaway,  M.A.,  D.Sc.,  F.G.8. 

HAVING  undertaken  to  explain  the  geology  of  the  Cheddar 
gorge  to  the  Cotteswold  Naturalists'  Field  Club  at  one  of 
their  field-meetings  this  Summer,  I  thought  I  should  do  so  more 
intelligently  if  I  first  acquired  a  practical  knowledge  of  my  subject. 
I  accordingly  paid  a  preliminary  visit  to  Cheddar.  There  were  two 
chief  questions  to  be  investigated  :  (1)  the  origin  of  the  gorge,  and 
(2)  the  cause  of  its  serpentine,  or  rather  zigzag,  course.  The 
former  inquiry  had  been  answered  in  four  different  ways.  There 
had  been  geologists  who  held  that  the  valley  had  been  excavated 
by  the  waves  of  the  sea.  A  second  school  taught  that  it  had  been 
produced  by  a  dislocation,  splitting  the  rocks  asunder.  The  third 
Aeory  regarded  it  as  a  valley  of  erosion,  excavated  in  the  ordinary 
way  by  a  river  on  the  surface.  A  fourth  explanation  placed  the 
river  underground,  and  maintained  that  the  glen  had  originally  been 
a  long  winding  cavern,  the  roof  of  which  had  subsequently  fallen  in.* 

'Very  little  investigation  was  needed  to  convince  me  that  hypotheses 
one  and  two  were  of  no  value.  My  inquiry  led  me  to  consider  that 
on  the  whole  the  cavern  theory  was  most  in  accordance  with  the 
facts,  and  I  provisionally  adopted  it  in  my  subsequent  exposition 
to  the  Club.  I  confess,  however,  that  with  my  present  knowledge 
of  the  locality  I  am  unable  to  find  a  decisive  preponderance  of 
evidence  in  its  favour,  and  1  leave  the  question  still  open.  I  therefore 
limit  myself  in  this  paper  to  the  second  inquiry — the  serpentine 
course  of  the  gorge. 

I  felt  some  surprise  to  find  that  a  stream  running  down  so  steep 
a  slope  should  have  described  such  rapid  curves.  The  floor  of  the 
valley  at  its  month,  near  where  the  underground  river  emerges 
at  the  surface,  is  85  feet  ^  above  sea-level.  In  half  a  mile  it  rises  to 
340  feet,  and  in  a  mile  to  500  feet,  or  a  rise  of  255  feet  in  the  first 
half-mile  and  160  feet  in  the  second.     Just   beyond  the  mile,  at 

^  See  also  Proc.  Geol.  Assoc,  vol.  li,  pp.  ccvii  and  493. 
-  The  heights  are  taken  from  the  6- inch  Ordnance  Map. 
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Blaok  Book,  the  elevation  is  511  feet,  and,  less  than  two  miles  due 
north  of  this  point,  the  highest  summit  of  the  Mendips  reaches 
1,068  feet,  or  a  rise  of  about  304  feet  per  mile.  The  slope  in  the 
lower  half-mile  of  the  gorge  is  therefore  little  less  steep  than  the 
upper  half  of  the  side  of  the  mountain.  A  stream  running  down 
this  incline  would  be  a  torrent,  and  we  should  not  expect  it  to 
meander  rapidly  in  homogeneous  rocks,  whether  it  flowed  above 
ground  or  below.  A  special  cause  of  the  curving  or  zigzagging 
was  therefore  to  be  looked  for. 

It  is  well  known  that  the  Cheddar  gorge  is  excavated  in  the 
Carboniferous  Limestone,  that  the  strata  dip  at  about  20°  to  the 
south  or  a  little  to  the  east  of  south,  and  that  in  a  general  way 
the  valley  runs  along  the  strike,  so  that  on  the  south  side  the 
outcropping  strata  overhang,  and  often  form  lofty  cliffs,  while  on 
the  north  the  beds  slope  gently  down  to  the  floor  of  the  valley. 
A  stream  rushing  rapidly  along  the  strike  of  hard  strata  might  be 
expected  to  oarve  out  a  tolerably  straight  course. 

I  ascertained  that  the  serpentine  course  of  the  valley  is  caused  by 
the  jointing  in  the  limestone.  The  rock  is  traversed  by  two  systems 
of  joints,  which  appear  to  be  vertical  or  nearly  so,  intersecting 
approximately  at  a  right  angle.  This  fact  presents  itself  at  almost 
every  turn  in  the  glen.  The  joint-surfaces  are  seen  to  form  salient 
and  re-entrant  angles,  the  former  opposite  the  latter,  so  that  if  the 
two  sides  of  the  glen  were  brought  together  they  would  seem  to 
interlock.  This  correspondence  has  probably  given  rise  to  the 
supposition  that  the  gorge  owes  its  origin  to  a  zigzag  rift,  followed 
by  a  movement  asunder  of  its  two  sides. 

The  joints  are  often  closely  approximated,  so  that,  in  quarrying, 
the  limestone  readily  breaks  away  in  cubical  blocks.  But  this  is 
not  material  to  the  problem.  If  the  joints  are  not  open  ones,  they 
will  not  admit  the  passage  of  water,  and  a  rock  traversed  by  them 
is  practically  impervious. 

That  the  jointing  has  caused  the  zigzags  in  the  glen  is  apparent, 
whether  the  stream  flows  above  ground  or  below  the  surface.  Take 
the  former  alternative.  The  general  direction  of  the  movement  would 
be  aloDg  the  diagonals  of  the  parallelograms  made  by  the  joints,  for 
that  is  the  direction  of  the  present  slope  of  the  valley,  and  it  is  the 
direction  supposed  to  be  taken  by  the  present  subterranean  river.* 
But  the  water  would  soak  along  open  joints,  and  widen  them  into 
fissures,  and  the  flow  would  be  diverted  into  these  fissures.  The 
movement  would  be  sometimes  to  the  right,  sometimes  to  the  left ; 
but  it  would  always  tend  to  return  to  the  line  of  the  diagonals. 
The  stream,  after  flowing  for  some  distance  along  an  open  joint  or 
fissure  (say)  to  the  right,  would  be  compelled  by  gravity  to  seek 
a  passage  to  the  left,  and  this  would  be  afforded  when  the  next 
fissure  in  that  direction  was  reached.  The  natural  course  of  the 
current  would  thus  be  determined  by  the  open  joints,  and  would 
follow  a  zigzag  line.  The  channel  thus  produced  would  be  gradually 
enlarged  into  a  valley ;  but  the  aerial  weathering  would  act  along 

^  BuekJand  &  CoDyheare :  Trans.  Oeol.  Soo.,  ser.  it,  vol.  i,  pt.  2,  p.  223,  note. 
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joints,   whether  open  or  eonoealed,  and  the   zigzag  coarse  would 
be  maintained.     The  following  figure  illustrates  my  explanation. 


Diagrammatic  plan  of  part  of  the  Cheddar  Gorge,  showlne  the  rectangular  jointing, 
the  open  joints  followed  by  the  stream  being  indicated  by  the  thick  lines. 
The  arrow  shows  the  direction  of  the  slope. 

The  theory  I  have  here  expounded  will  apply  still  more  aptly 
to  the  second  alternative — that  the  valley  was  excavated  by  an 
underground  river.  Such  a  stream  muzi  have  followed  joints,  for 
they  are  the  only  conceivable  channels,  and  a  succession  of  zigzags 
is  the  only  form  which  the  gorge  could  assume. 

But  it  may  be  objected  that  the  course  of  the  stream  which  carved 
out  the  Cheddar  glen  was  probably  determined  in  an  overlying 
formation,  Cretaceous  or  Jurassic.  Let  us  inquire  how  this 
hypothesis  will  work.  Such  a  river  flowed  over  a  surface  of  Chalk 
or  other  Mesozoic  sediment.  Vertically  above  the  line  of  the  present 
glen  it  must  ex  hypothesi  have  described  the  same  zigzags.  It  out 
its  way  down  lower  and  lower  until  it  flowed  over  a  surface  of 
Carboniferous  Limestone,  and  then  it  was  found  that  the  lines 
of  the  zigzags  were  parallel  with  the  joints  in  the  limestone.  Such 
a  coincidence  is  perhaps  credible,  but  it  demands  the  exercise  of 
greater  faith  than  my  nature  is  able  to  command. 

There  is  a  second  improbability  in  this  hypothesis.  Why  do  the 
zigzags  stop  at  the  mouth  of  the  gorge?  On  my  theory,  this 
ought  to  be  the  case,  because  it  is  here  that  the  limestone  ends 
and  the  Trias  comes  in.  But  if  the  course  of  the  river  which 
excavated  the  valley  had  been  determined  on  a  Mesozoic  surface, 
the  rapid  meanders  would  have  been  continued  further  on  to  the 
south-west.  We  find,  on  the  contrary,  that  when  the  present  river 
leaves  the  limestone,  and  passes  on  to  the  Trias,  its  course  bea^mes 
less  serpentine.  Yet  in  its  journey  of  half  a  mile  over  the  Trias 
it  falls  only  25  feet.  It  follows  from  this  that  as  the  river  cut  its 
way  down  to  lower  levels,  its  course  south-west  of  the  limestone 
became  less  and  less  steep,  and  its  flow  less  rapid.  It  ought, 
therefore,  according  to  the  known  laws  of  river  action,  to  have 
become  more  serpentine  below  the  limestone.  As  the  opposite  effect 
has  resulted,  we  are  driven  to  conclude  that  there  was  something 
in  the  limestone  itself,  irrespective  of  the  windings  of  the  river 
on  its  Cretaceous  or  Jurassic  surface,  which  determined  the  present 
zig2Uig  shape  of  the  glen. 

Whether  the  river  that  formed  the  gorge  originated  on  or  in  the 
limestone  on  the  one  hand,  or  on  a  higher  Mesozoic  surface  on 
the  other,  appears  to  be  not  very  material.  In  the  latter  case, 
it  is  to  me  incredible  that  the  old  curves  should  be  maintained 
in  a  rock  traversed  by  joints,  many  of  which  the  solvenl  a^VivQiTi 
of  river-water  must  have  quickly  converted  into  fissureB. 
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y. — On  a  new  T&ilobitc  from  the  jD/crroi^^jrA-SHALSs  of  the 

Malysbn  Hills. 

By  Professor  Thbodorb  T.  Gboom,  M.A.,  D.Sc,  F.6.S. 

AOANTHOPLEUBBLLA  QbINDBODI,  gen.  Ot  Sp.  DOV. 

IN  the  oolleotion  made  by  the  late  Dr.  Qriadrod,  now  in  the 
Geological  Museum  at  Oxford,  there  is  a  minute  speoies  of 
trilobite,  represented  by  two  speoimens,  obtained  from  the  Dtetyonema- 
shales  of  the  Malverns.  This  form  was  referred  by  Dr.  Callaway  to 
Shumardia  ( Conophryti)  Salopiensis,  Call. ;  ^  but  a  careful  study  of 
the  two  specimens,  aided  by  the  removal  of  a  small  fragment  of 
shale  which  partly  concealed  the  more  complete  example,  has  shown 
the  distinctness  of  the  trilobite  from  Shumardia,  and  from  any 
other  genus  known  to  the  writer.  Owing  to  the  kindness  of 
Professor  Sollas  I  have  been  enabled  to  make  a  thorough  examination 
of  the  specimens.  The  preservation  is  fairly  good,  but  much  of  the 
actnal  test  has  been  lost,  and  both  fossils  are  largely  in  the  form 
of  internal  casts.  In  the  more  complete  but  somewhat  smaller 
example,  which  may  be  taken  as  the  type-specimen,  the  whole 
trilobite  is  preserved  (Fig.  3) ;  in  the  second  specimen  little  more 
than  the  thorax  and  pygidium  is  seen  (Fig.  4).  The  following 
description  refers  to  the  type-specimen  : — 

Head  smooth,  semi  -  elliptical ;  frontal  and  lateral  margins 
descending  somewhat  suddenly;  genal  angles  acute.  Glabella 
fairly  convex,  smooth,  broad  in  front,  reaching  the  margin  (which 
here  projects  slightly  beyond  the  cheeks),  rather  more  than  one- third 
of  which  it  occupies ;  narrowing  rapidly  behind  to  the  neck-furrow, 
behind  which  it  expands  again  to  form  a  well-pronounced  and  rather 
broad  neck-lobe;  separated  from  the  smooth  cheek  by  a  deep  and 
fairly  broad  axal  furrow  with  a  rounded  floor;  neok-furrow  not 
strongly  marked  on  the  glabella,  but  well-pronounced  on  the  free 
cheeks,  to  the  posterior  margin  of  which  it  is  parallel ;  on  the  inner 
aide  it  unites  with  the  axal  furrow,  and  on  the  outer  extends  nearly 
to  the  genal  angle,  and  much  resembles  one  of  the  pleural  furrows; 
oheeks  in  front  of  the  neck-furrow  rising  up  steeply  to  their  greatest 
height ;  no  traces  visible  of  other  furrows  on  the  glabella,  or  of  eyes, 
or  facial  sutures  on  the  cheeks.  Length  of  head,  0*41  millimeter ; 
breadth,  1*12  millimeter. 

Thorax  slightly  narrower  than  the  head,  and  longer  than  either 
head  or  pygidium  ;  consisting  of  four  segments.  Axis  very 
convex  (Fig.  2),  occupying  some  two-fifths  of  the  width  of  the 
thorax  in  front,  and  gradually  diminishing  in  breadth  behind; 
inflated  in  each  segment,  the  inflated  portions  being  separated  by 
rounded  depressions,  and  extending  to  the  pleuras  in  the  form  of 
ridges  directed  obliquely  forwards,  one  on  each  side.  Pleurss 
straight  for  most  of  their  length,  depressed  near  the  axis  (Fig.  2), 
especially  in  the  first  rings  of  the  thorax,  the  depression  gradually 

^  Quart.  Joum.  Geol.  Soc.,  1877,  toI.  xniii,  p.  660. 
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dying  oat  behind  ;  each  pleura  facetted  in  front,  and  marked  by 
fairly  deep,  Btraigbt  grooTes  for  the  whole  of  their  length,  the 
groores  being  margined  in  front  by  a  well-defined  ridge ;  at  their 
enda  the  pleura  euddeoly  bend  eharply  baokwarde  and  a  little 
downwards,  and  end  in  spines ;  traces  only  of  the  first  three 
pairs  of  spines  are  seen,  but  those  of  the  fourth  segment  are  long 
and  extend  for  some  distance  behind  the  end  of  the  pygidium. 
Length  of  the  thorax,  0-64  millimeter ;  breadth,  1-08  millimeter. 


restnrnl  nilli  tli«  aid  nf  Dio 
s  at  till!  tiiiis  ot  tlie  [iliiiric 
ol  the  first  thrt'e  ringa  of  the  thorni  require  vury  rurcful  illuiuiniilioD  to 
reniler  them  visible. 
Fio.  2. — Uptical  Ecctiun  of  the  tergumof  the  thnrnx  of  tlie  specimen  eh uirn  in  Fig.  3. 

Pygiditim  semi-elliptical ;  Hxis  convex,  conical,  terminating  at 
a  short  dialance  in  front  of  the  hind  margin,  and  showing  unly  one 
well-marked  transverse  constriction.  Limhs  tolerably  fliif.  with 
several  ridges  and  grooves  corresponding  to  those  of  the  Iboiacio 
pleiirce,  and  extending  as  far  as  tlie  rniscd  marginal  rims.  Margin 
probably  entire.  Anterior  angles  apparently  ronnded.  Length 
of  pygidinm.  about  04  millimeter;  breadth,  083  millimeter. 

Tlie  specimen  ia  partly  enrolled  ;  this  fact,  togi-lher  wiih  its 
convexity,  has  made  it  impoasible  to  obtain  good  photographs  of 
the  whole  trilobite.  The  total  length  when  unrolled  v)unV\  \>« 
1-4  millimeter,  or  two-tbirds  of  a  line. 
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The  seoond  speoimen  (Fig.  4)  belongs  to  an  individual  somewhat 
larger  than  the  first.  The  length  and  breadth  of  the  thorax  are  0*62 
and  1*1  millimeter  respectively,  and  those  of  the  pygidium  0*35 
and  0-85  millimeter.  The  specimen,  moreover,  is  less  convex, 
perhaps  partly  owing  to  pressure,  and  the  axis  of  the  thorax  is 
broader;  in  front  it  occupies  nearly  one-half  of  the  total  breadth 
of  the  thorax,  and  behind  about  one-third  of  the  breadth  at  that 
point.  The  ridges  connecting  the  axes  with  the  pleurso  are, 
moreover,  broader.  Apart  from  these  dififerences  in  proportion  the 
two  specimens  agree,  but  the  details  of  the  thorax  and  pygidium 
are  better  shown  in  the  second  specimen.  The  spines  of  the  first 
three  thoracic  rings  are  more  perfectly  shown,  and  those,  at  any 
rate,  of  the  second  and  third  extend  backwards  for  a  considerable 
distance.  The  pygidium  shows  more  definite  indications  of 
a  composition  out  of  two  segments  in  front,  and  an  obscurely 
segmented   or  unsegmented   portion   behind ;   the  rather    narrow 

raised  margin  of  the  limbs  is  very 
distinct,  and  is  entire.  The  anterior 
angles  appear  to  be  rounded.  Of  the 
head  little  more  than  a  part  of  the 
neck-segment  is  preserved. 


Fio.  3. 


Fio.  4. 


Fio.  S. — Head,  thorax,  and  y^pdmrnoi  Aeanthoplettrella  Orindrodi^  gen.  etsp.  noT., 
X  37,  as  made  out  with  the  aid  of  photographs  and  drawings.  The  specimen 
being  partly  enrolled,  all  three  parts  have  been  drawn  separately. 

Fio.  4.— Thorax,  pygidium,  and  a  portion  of  the  head  of  Aeanthopletirella  Grindrodi^ 
gen.  et  sp.  nov.  x  31.  The  outlines  of  this  figure  were  traced  from 
a  photograph,  with  the  exception  of  the  portions  defined  by  dotted  lines, 
which  have  been  made  from  freehand  and  camera  lucida  sketches. 

Both  specimens  were  obtained  from  the  grey  shales  of  the 
Southern  Malverns,  in  which  also  Cheirurus  Frederici,  Salter,  Agnostus 
duXf  Call.,  and  certain  imperfect  Asaphids  and  Olenids  have  been 
found.  These  probably  include  Platypeltis  Crofiii,  Call.,  ABaphdlus 
affiniB,  McCoy,  Niobe  Momfrayi,  Salter,  Niobe,  sp.,  and  Farabolinella  ? 
triarthruBj  Call. 

The  affinities  of  this  little  trilobite  are  obscure.     The  diminutive 
size,  the  amall  i] umber  of  segments,  and  the  apparent  absence  of 


Notices  of  Memoirs — JDr.  Scott — Structure  of  Catamites.    73 

«ye8  and  facial  sutures  suggest  that  it  may  be  a  larval  form.  Oa 
the  other  hand,  these  features  are  also  shown  by  suoh  minute 
trilobites  as  Agnostus,  MierodiBCUB,  and  Shumardia;  and  the  lack 
of  resemblance  to  any  of  the  larger  trilobites  of  the  Tremadoo  fauna, 
together  with  the  circumstances  that  both  specimens  are  minute, 
«nd  that  the  larger  of  the  two  shows  no  advance  in  organization, 
tells  in  favour  of  the  view  that  we  are  dealing  with  an  adult 
form.  For  this  form  I  would  suggest  the  name  of  Acanthopleurella 
Orindrodi,  The  conformation  of  the  head  suggests  Trinucleoid 
affinities,  but  there  is  no  marginal  rim,  and  the  rest  of  the  body 
appears  to  show  Olenid  characters.  Shumardia  is  possibly  an  ally, 
but  from  this  form  Acanthopleurella  differs  in  the  extension  of  the 
glabella  to  the  front  margin  of  the  head,  in  the  absence  of  all 
glabella-furrows  with  the  exception  of  the  neck-furrow,  and  in  the 
spinous  prolongations  of  the  thoracic  pleurse,  and  in  other  respects. 


I. — On  a  Primitive  Type  of  Structure  in  Calahites.     By  D.  H. 

Scott,  M.A.,  Ph.D.,  F.R.S.* 

PAL^ONTOLOGICAL  research  has  afforded  evidence  that  the 
Horsetails  and  Lycopods,  groups  now  so  distinct,  had  a  common 
origin.  The  class  Sphenophyllales,  restricted,  so  far  as  we  know, 
to  the  Palaeozoic  epoch,  combines  in  an  unmistakable  manner  the 
cbaracters  of  Equisetales  and  Lycopodiales,  while  at  the  same  time 
presenting  peculiar  features  of  its  own.  Broadly  speaking,  it  is  in 
the  external  morphology  and  in  the  reproductive  structures  that  the 
Equisetales  are  approached,  while  the  anatomy  has  an  evidently 
Lycopodiaceous  character. 

The  synthetic  nature  of  the  Sphenophyllales,  indicated  clearly 
enough  in  the  type-genus  Sphenophyllum  itself,  comes  out  still 
more  obviously  in  the  new  genus  Cheirostrohus,  Here  the 
general  morphology  of  the  strobilus,  the  form  and  structure 
of  the  sporangiophores  and  of  the  sporangia  themselves,  are  all 
of  a  Calamariau  type,  while  the  anatomy  of  the  axis  is  as  clearly 
Lycopodiaceous  in  character. 

So  far  nothing  has  been  found  to  bridge  the  gulf  which  separates 
the  anatomy  of  the  Calamariea3  (Palasozoic  Equisetales)  from  that 
of  the  Sphenophyllales  or  the  Lycopods.  The  most  ancient  known 
genus  of  Calaruarieas — Archceocalamites — approaches  the  Spheno- 
phyllales in  the  superposition  of  the  foliar  whorls  and  in  the 
dichotomous  subdivision  of  the  leaves,  points  on  which  Professor 
Potonie,  especially,  has  laid  stress.  Anatomically,  however,  according 
to  the  researches  of  Dr.  Renault  and  Count  Solms-Laubach,  it  was 
an  ordinary  Calamite,  differing  in  no  essential  respect  from  those 
of  the  Coal-measures.  The  stem  of  Archeocalamites,  like  that  of 
its  later  allies,  had  a  large  pith,  surrounded  by  a  ring  of  collateral 
vascular  bundles,  the  wood  of  which,  primary  as  well  as  secondary, 

*  Bead  before  the  British  Associatioi},  Section  C  (Geology),  Glasgow,  Seipl.,  ^-^^^^ 
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was  wholly  eentrifiigal  in  development,  the  first-formed  tracbeidee 
lying  on  the  border  of  the  pith,  at  the  points  marked  by  the  oarinal 
oanals.  In  Sphenophyllumf  on  the  one  hand,  the  whole  of  the  primary 
wood  was  eentripetally  developed,  and  there  was  no  pith.  In 
Cheirostrohus  the  same  holds  good,  except  that  an  insignificant 
portion  of  the  primary  wood  may  possibly  have  been  added  in 
a  centrifugal  direction.  In  Lyoopods  there  may  or  may  not  be 
a  pith,  but  the  whole  (Lycopodittm,  PBtlotum,  Zepidodendron)  or  the 
greater  part  (Tmestpteris)  of  the  primary  wood  is  centripetal. 

The  Calamite  which  forms  the  subject  of  the  present  communication 
oocnrs  in  the  well-known  Burntisland  beds  of  the  Caloiferous  Sand- 
stone Series,  at  the  base  of  the  Carboniferous  formation.  The 
material  is  calcified,  and  the  structure  excellently  preserved,  though 
the  specimens  so  far  discovered  are  small  and  fragmentary.  Their 
interest  depends  on  the  fact  that  each  vascular  bundle  possesses 
a  distinct  arc  of  centripetal  wood  on  the  side  towards  the  pith.  The 
oarinal  canals  are  present,  as  in  an  ordinary  Calamite,  and  contain, 
as  usual,  the  remains  of  the  disorganized  protoxylem.  They  do  not, 
however,  as  in  other  Equisetales,  form  the  inner  limit  of  the  wood, 
but  xylem  of  a  considerable  thickness,  and  consisting  of  typical 
tracheides,  extends  into  the  pith  on  the  inner  side  of  the  canal,  winch 
is  thus  completely  enclosed  by  the  wood.  Hence,  starting  from  the 
spiral  tracheides  of  the  proto xylem,  there  was  here  a  considerable 
development  of  xylem  in  a  centripetal  as  well  as  in  a  centrifugal 
direction.  That  the  organ  was  a  stem,  and  not  a  root,  is  proved, 
not  only  by  the  presence  of  the  oarinal  canals,  but  by  the  occurrence 
of  nodes,  at  which  the  outgoing  leaf-traces  are  clearly  seen. 

This  appears  to  be  the  first  case  of  centripetal  wood  observed  in 
a  Calamarian  stem,  and  thus  serves  to  furnish  a  new  link  between 
the  Palssozoio  Equisetales  and  the  Spenophy Hales,  and  through  them 
with  the  Lyoopods. 

The  specimens  have  not  as  yet  supplied  any  evidence  as  to  the 
snperposition  or  alternation  of  the  verticils,  so  we  are  not  at  present 
in  a  position  to  determine  the  genus  to  which  they  belonged.  Pro- 
visionally, until  further  investigation  has  cleared  up  this  question, 
the  new  stem  may  bear  the  name  of  Calamites  pettycurensis,  from 
the  locality  where  it  occurs. 


n. — ^The  Scottish  Ores  of  Copper  in  their  Geologioal  Belations. 

By  J.  G.  GooDCHiLD,  F.G.S.* 

THE  ores  of  copper  occurring  in  Scotland  appear,  so  far  as  their 
origin  is  concerned,  to  be  referable  to  two  primary  categories. 
The  first  of  these  includes  those  minerals  whose  origin  is  evidently 
connected  with  the  uprise  of  thermal  waters ;  and  the  second 
includes  those  which  are  due  almost  entirely  to  deposition  of 
materials  carried  down  in  solution  from  some  rocks  at  a  higher 
level  to  others  below.  The  two  methods  of  origin  may  be  likened 
to  the  ebb  and  the  flow  of  the  tides. 

^  Bead  before  the  British  Afisocistion,  Section  C  (Qeology),  Gteagow,  Sept.,  1901. 
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To  tba  first  oategory  belongs  most  of  the  Chaloopyrites  ooourring 
in  Scotland,  and  with  that  mineral  is  to  he  included  also  Ohaloooite 
and  Bomite.  These  mostly  oconr  in  connection  with  mineral  veins. 
A  small  percentage  of  other  oompoands  of  Copper  with  Salphnr 
sppears  to  have  originated  in  connection  with  certain  eruptive  rook 
of  snb-basic  composition.  When  these  latter  have  been  affected  by 
dynamic  metamorphism  the  process  seems  to  have  favoured  the  local 
concentration  of  the  mineral  which  was  formerly  diffused.  Hence 
several  Epidiorites  contain  Ohalcopyrites,  apparently  as  an  original 
oonstituent  (if  we  regard  their  schistosity  as  original  to  that  type 
irfrook). 

To  the  second  category,  that  of  the  ebb-products,  or  minerals  of 
seoondary  origin,  belong  all  the  remainder. 

Taking  these  in  the  order,  and  with  the  numbers,  adopted  by 
Dana,  we  have,  first,  (15)  Native  Copper.  There  cannot  be  much 
doubt  that  all  the  Scottish  specimens  of  this  are  of  seoondary  origin. 
The  earlier  stage  seems  to  have  been  that  of  solution,  along  with 
tiiose  of  the  constituents  of  a  sub- basic  eruptive  rook,  through  which, 
probably,  the  copper  ore  was  originally  diffused  in  very  minute 
quantities.  The  decomposition  of  the  rock  by  surface  agencies  has 
again  converted  this  into  solution — probably  in  the  form  of  carbonate 
— ^from  which  solution  any  one  of  various  reagents,  in  most  caseK 
probably  decomposing  organic  matter,  has  reduced  the  dissolved 
substanoe  to  the  metallic  state.  In  this  form  it  has  been  deposited 
as  thin  sheets  along  the  divisional  planes  of  the  rocks  situated  at 
a  lower  level  than  its  point  of  origin.  In  the  form  of  films  of  this 
kind  it  occurs  at  Boyleston,  in  Renfrewshire,  where  it  is  found  in 
lavas  of  Lower  Carboniferous  age  ;  and  at  BuUochmyle,  in  the  joints 
traversing  the  marls  of  the  New  Ked  Kocks  there.  I  may  remark, 
in  passing,  that  these  rocks  so  closely  resemble  the  Bunter  Sandstone 
that  I  should  never  have  hesitated  to  refer  them  to  that  horizon  had 
not  a  different  opinion  regarding  their  age  been  expressed  by  the 
distinguished  author  of  **  The  Scenery  of  Scotland." 

Native  Copper  also  occurs  in  the  form  of  minute  particles — 
possibly  crystals — in  some  of  the  Prehnites  of  Boyleston  and  Glen 
Farg.  Doubtless  these  varieties  of  Prehnite  owe  their  colouring 
matter  to  the  presence  of  this  mineral,  just  as  the  ordinary  green 
variety  of  Prehnite  owes  its  colour  to  diffused  compounds  of  copper 
of  other  kinds — possibly  to  ChrysocoUa.  The  same  metal  also 
occurs  at  Boyleston,  disseminated  throughout  some  of  the  beautiful 
srystals  of  Calcite  which  line  some  of  the  drusy  cavities  of  the  lavas 
there.  When  Native  Copper  is  enclosed  in  these  crystals  the 
external  form  is  much  more  complex  than  where  the  metal  is  absent. 

Some  Chalcopyrites  must  undoubtedly  be  classed  amongst  ebb- 
products  also,  seeing  that  a  second  generation  of  crystals  often  occurs 
upon  minerals  whose  secondary  origin  cannot  be  doubted.  Atacamite 
has  been  claimed  as  a  Scottish  mineral,  but,  it  seems  to  me,  on 
insufficient  grounds. 

(224)  Cuprite,  as  might  be  expected,  occurs  in  connection  with 
the  other  decomposition  products  of  common  ores.    UsualV^  \l  ooiiXkta 
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as  one  of  the  constituents  in  the  compound  known  as  Tile  Ore ;  but 
occasionally,  as  at  Glen  Farg,  it  shows  traces  of  crystalline  exterior ; 
or  as  at  Boyleston,  where  Mr.  Craig-Christie  has  got  it  in  the 
capillary  or  velvet-like  form.  Some  of  the  silicate  of  copper  from 
Lauchentyre  appears  to  me  to  be  coloured  red  by  Cuprite,  which 
may  also  occur  there  in  the  free  state. 

(230)  Tenorite  has  not  yet  been  proved  to  occur  as  a  separate 
Scottish  mineral ;  but  the  black  Chrysocolla  from  Lauchentyre  and 
other  mines  in  the  neighbourhood  may  possibly  owe  its  coloration 
to  this  mineral. 

(288)  Malachite  calls  for  no  special  remark  here  beyond  the 
statement  that  it  does  not  appear  to  show  crystalline  termination 
at  any  locality  in  Scotland  except  at  Sandlodge,  in  Shetland,  where 
it  seems  to  have  been  taken  for  Brochantite. 

(289)  Azurite  is  singularly  rare  in  Scotland,  and  has  not  yet 
been  found  with  visible  crystalline  faces.  (290)  Aurichalcite, 
(741)  Linarite,  and  (739)  Caledonite,  well  known  as  secondary 
products  of  the  decomposition  of  veins  containing  Copper,  do  not 
call  for  any  special  remark  in  this  abstract. 
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I. — Roads  :  theib  Constkuotion  and  Maintenance  ;  with 
Special  Befebenoe  to  Eoad  Materials.  By  Allan  Gbeenwell, 
Assoc.  M.  Inst.  C.  E.,  F.G.S.,  and  J.  V.  Elsdbn,  B.Sc,  F.G.S. 
8vo ;  pp.  280.  (London :  The  Builder  Student's  Series. 
Price  5«.) 

GEOLOGISTS  may  well  claim  to  have  an  interest  in  road-metal. 
The  heaps  of  stone  by  the  roadside  arrested  the  attention 
of  the  'naturalists'  in  old  days,  and  ofttimes  attracted  them  to 
the  quarries.  Thus  the  Kellaways  Rock  of  Wiltshire  came  into 
notice  and  attained  a  distinction  which  nowadays  would  not  have 
been  accorded  to  it.  Then  each  parish,  whenever  possible,  provided 
material  for  its  roads,  and  in  different  parts  of  the  country  there 
were  numberless  pits  and  quarries,  many  of  which  have  long  since 
been  closed  and  hidden  beneath  soil  and  vegetation.  Even  now 
many  by-roads  are  mended  with  local  stone  of  no  great  durability, 
and  in  parts  of  Somerset  these  ways  are  repaired  with  the  basement 
limestones  and  fossils  of  the  Upper  Lias.  Along  the  principal  roads 
the  freestones  and  rag-beds  of  the  Oolites,  however,  are  less  frequently 
used;  the  Carboniferous  Limestone,  the  Hartshill  stone,  and  the 
dark  basalts  of  Clee  Hill  and  Rowley  Regis  have  usurped  their 
place.  Far  better  roads  have  resulted,  although  carriers  have 
complained  that  they  cannot  see  their  way  at  night  so  readily  as  of 
yore  on  the  present  dark  metal.  To  the  introduction  of  railways  we 
may  trace  the  dispersal  of  the  better  kinds  of  road  material,  while, 
as  the  authors  remark  in  the  work  before  us,  the  powers  acquired 
by  Couuty  and  District  Councils  '^have  completely  revolutionised 
the  system  of  road  management  in  this  country." 
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Arrangiiig  their  subject  under  three  heads — (1)  Materials,  (2)  Con- 
stmction,  and  (3)  Maintenanoe— the  authors  in  the  first  part  deal  with 
the  selection  of  road  material,  and  point  out  the  various  kinds  of 
rock  that  have  been  used,  and  their  geological  distribution.  Figures 
of  micro-sections  are  given  to  make  clear  the  mineral  structure  of 
TariouB  kinds  of  stone ;  while  their  texture  and  absorptive  power 
and  the  joints  in  the  rocks  are  duly  explained.  Special  tables  are 
given  of  the  principal  constituents  of  some  igneous  rocks  used  as 
road  stone. 

The  value  of  particular  stones  as  paving  setts  is  pointed  out,  and 
it  is  observed  that  some  igneous  rocks  wear  to  a  smooth  and  slippery 
BDrfaoe.  Following  the  igneous  rocks,  the  sandstones,  limestones, 
flint  and  chert,  and  gravel  are  successively  dealt  with.  There  are  also 
chapters  on  artificial  materials,  including  slag,  which  is  extensively 
used  in  some  neighbourhoods,  though  it  yields  an  ofiensive  odour  and 
is  nnsuitable  for  residential  areas.  Among  paving  materials,  wood 
and  asphalt  are  included. 

Tables  showing  results  of  various  testa  are  given  in  reference  to 
some  of  the  principal  rocks,  and  in  the  '  percussion  test '  we  note 
that  the  greenstone  of  Penzance  withstood  the  greatest  number  of 
blows.  This  is  evidently  the  well-known  Penlee  stone,  which  is 
elsewhere  referred  to  under  that  name,  and  also  as  Newlyn  stone. 
After  considering  various  tests  of  strength  it  is  well  observed  that 
the  t«st  of  experience  is  the  best ;  but  this  is  not  always  forthcoming. 

In  the  second  part  of  their  work  the  authors  give  a  brief  historical 
account  of  roads  from  Roman  and  medieeval  times  to  the  days  of 
Macadam  and  Telford.  A  knowledf^e  of  geology  is  of  essential 
service  in  the  laying  out  and  construction  of  roads.  Cyclists  in 
particular  are  shrewd  observers  of  roads,  and  with  a  knowledge  of 
geology  they  may,  as  Mr.  F.  J.  Bennett  has  pointed  out,  learn 
much  from  the  gradients,  the  springs,  and  the  character  of  the 
surface  formed  by  the  road-metal.^  The  very  diversity  is  interesting, 
and  we  should  not  wish  to  see  Telford's  rule  adopted  that  '*  It  is 
absolutely  necessary  to  remove  trees  from  the  sides  of  roads,  and 
to  keep  the  fences  under  five  feet  in  height." 

The  authors  give  numerous  illustrations,  some  geological,  to 
aid  in  their  explanations  of  road-making.  Indeed,  in  this  and 
other  respects  the  accumulated  knowledge  of  tho  engineer  and  the 
practical  geologist  is  happily  combined  in  this  volume.  Thus  the 
work,  though  professedly  of  an  elementary  nature,  should  prove 
most  useful  to  local  road-surveyors  and  to  others  called  upon  to 
find  or  advise  in  selecting  road  material. 

A  fuller  index  than  the  authors  have  given  would  be  desirable 
in  a  new  edition  ;  thus,  Crushing  strength,  Cobbles,  Mountain 
Limestone,  Oolite,  Forest  Marble,  Greywethers,  and  a  few 
other  subjects  referred  to  in  the  text,  should  have  been  found. 
Mention  is  made  of  certain  tests  of  rocks  carried  out  in  Maryland, 
and  the  reference  might  have  been  given  to  the  third  volume  recently 

'  *'Iiiflaeiice  of  Geolo«ry  on  the  Early  Settlement*'  and  Road^J "  :  Proc.  Geol. 
Amoc.,  toI.  X,  p.  377. 
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published  by  the  Maryland  Geological  Survey,  which  contains  an 
exhaustive  aooount  of  the  highways,  their  history,  relations  to 
topography,  climate,  geology,  and  various  other  matters,  and  ia 
a  handsomely  illustrated  volume. 

H.  B.  W. 

II» — ^Thb  Riddle  of  the  TJnivbrse  at  the  Close  of  the 
Nineteenth  Century.  By  Ebnst  Haeokel,  Ph.D.,  M.D., 
LL.D.,  Sc.D.,  Professor  at  the  University  at  Jena.  2nd  edition ; 
pp.  398.  Translated  by  J.  MoCabe.  (London :  Watts  &  Co. 
Issued  by  the  Bationalist  Press  Association,  Ltd.,  1901.) 

IN  "Die  Welt-rathsel,"  most  ably  translated  by  Mr.  J.  MoCabe, 
Professor  Haeokel  presents  the  '*  continuation,  confirmation, 
and  integration "  of  his  views  on  the  monistic  philosophy  already 
expressed  in  previous  volumes  and  in  a  paper  read  at  the  Fourth 
International  Congress  of  Zoology  at  Cambridge  in  1898.  He 
claims  that,  after  working  at  it  ^r  half  a  century,  his  system  is 
now  mature,  and  of£en  a  full  explanation  of  the  phenomena  of 
nature,  as  well  as  a  solution  of  the  "  conflict  between  Science  and 
Beligion  " — in  short,  that  it  solves  the  **  Kiddle  of  the  Universe." 

He  argues  that,  while  our  scientists  have  made,  during  the  past 
century,  extraordinary  progress  in  the  unravelling  of  the  mysteries 
of  the  universe,  tbey  have  been  too  much  bound  down  by  specialism, 
and  have  not  sufficiently  studied  the  universal  connection  of  the 
phenomena  they  observe.  In  consequence  of  this,  advantage  has 
not  been  taken  of  our  increased  knowledge,  and  no  corresponding 
improvement  is  to  be  observed  in  our  systems  of  government,  of 
administrative  justice,  of  national  education  whetber  in  the  school 
or  from  the  pulpit,  of  social  and  moral  organization.  We  may 
congratulate  ourselves  that  here,  in  Britain,  we  are  exempt  from 
at  least  some  of  the  defects  mentioned  by  Professor  Haeokel  under 
these  headings. 

The  author's  solution  of  the  difficulty  is  that  a  change  should 
be  made  in  the  present  system  of  education.  The  study  of  nature, 
combined  with  the  elements  of  evolutionary  science,  should  take 
the  first  place.  Let  the  child  be  taught  a  correct  view  of  the  world 
he  lives  in,  and  be  given  an  insight  into  the  natural  connection 
of  all  phenomena,  as,  indeed,  Huxley  advocated  in  his  science  of 
physiography.  Let  him  understand  that  reason  alone,  itself  the 
result  of  the  development  of  knowledge,  can  unravel  the  mysteries 
of  life,  and  that  no  cosmic  problem  can  ever  be  solved  by  emotion. 
This  development  of  the  use  of  reason  by  education  and  experience 
would,  the  Professor  thinks,  lead  to  the  universal  adoption  of 
'  Monism  '  as  the  true  solvent  of  all  cosmical  and  religious 
difficulties. 

Monism,  in  its  widest  sense,  recognizes  one  sole  law  in  the 
universe,  the  Law  of  Substance,  which  embraces  conservation  of 
matter  and  conservation  of  energy.  The  monist  holds  that  the 
universe  is  at  once  <'God  and  Nature,"  and,  with  Spinoza,  that 
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body  and  spirit  (or  matter  and  energy)  are  inseparable.  Sensitive 
and  thinking  substance  are  the  two  fandamental  attribates  of  the 
all-embracing  divine  essence  of  the  world,  the  universal  substance. 
Opposed  to  Monism  is  Dualism,  which,  in  its  widest  sense,  breaks 
■p  the  universe  into  two  entirely  distinct  substances — the  material 
world,  and  an  immaterial,  eztramundane  God.  Dualism  necessarily 
leads  to  Theism,  in  some  form.  Monism,  on  the  other  hand,  leads 
to  Pantheism,  which  teaches  that  Gh>d  is  everywhere  identical  with 
Nature  itself. 

Whether  or  not  we  adopt  Professor  Haeckers  views  on  religions 
matters,  the  book  is  well  worth  reading  as  a  resum6  of  the  progress 
of  the  various  branches  of  scientific  knowledge  to  the  end  of  the 
oineteenth  century,  and  particularly,  as  we  should  expect  from  the 
tathor,  of  biology.  The  subject  of  the  "conflict  between  Science 
and  Religion  "  holds  a  conspicuous  place  in  the  argument  It  haa 
already  been  well  handled  by  Strauss,  Feuerbach,  and  Draper,  to 
whom  Haeckel  refers  his  readers.  For  geologists,  the  best  account 
of  the  part  which  geology  has  played  in  the  controversy  is  that 
given  in  the  magnificent  work  of  Mr.  A.  D.  White,  who  points  out 
that  the  contest  is  not  between  Science  and  Keligion,  but  between 
Science  and  dogmatic  theology,  of  whatever  kind. 

J.  A.  W. 
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I.  — December  18th,  1901. —J.  J.  H.  Teall,  Esq.,  M.A.,  F.B.S., 

President,  in  the  Chair. 

Professor  H.  G.  Seeley  drew  attention  to  a  skull  of  Equus  fossilis 
from  Keswick,  exhibited  by  Mr.  J.  Postlethwaite,  F.G.S.,  and  said 
that  it  belonged  to  a  species  of  horse,  but  the  skull  appeared  to  be 
broa<Ier  and  flatter  in  front  of  the  orbits  than  in  Equua  caballua; 
and  it  gave  evidence  on  the  upper  surface  of  being  an  aged  specimen, 
an  inference  which  was  supported  by  the  palatal  conditions.  The 
teeth  are  worn  down,  so  as  to  approximate  to  the  condition  of  aged 
teeth  of  Equus  fossilis,  as  sometimes  met  with  in  river- valley  gravels ; 
but  he  was  not  awure  that  these  teeth  had  previously  been  met 
with  in  association  with  this  form  of  skull.  He  understood  that 
the  specimen  had  been  found  near  the  surface  beneath  an  ancient 
building  at  Keswick,  and  that  there  was  no  evidence  as  to  its 
geological  antiquity. 

Professor  W.  W.  Watts  called  attention  to  a  set  of  twenty-two 
photographs,  the  first  of  three  sets  to  be  published  as  typical 
examples  of  geological  photographs  by  the  Committee  of  the 
British  Association  on  Geological  Photographs. 

The  following  communications  were  read  : — 

1.  **  Coal  and  Petroleum  Deposits  in  European  Turkey."  By 
Lieat.-Colonel  Thomas  English,  F.G.S. 
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In  this  paper  an  aocount  is  given  of  the  formations  which  inolade 
some  recently  discovered  coal-seams  and  naphtha-bearing  sands  of 
Tertiary  age  in  the  little  visited  stretch  of  country  lying  to  the 
north  of  the  Gnlf  of  Xeros  in  the  Mediterranean,  and  of  the 
western  portion  of  the  Sea  of  Marmora.  The  geological  map  which 
accompanies  the  paper  is  founded  on  the  topography  of  that  com- 
piled by  the  Russian  military  staff.  The  lowest  beds  seen  are  soft 
brown  limestones,  with  nummulites  of  Lutetian  age,  overlain  by  blue 
shales.  These,  again,  are  covered  conformably  by  brownish-grey 
calcareous  sandstones,  with  subordinate  beds  of  clay  and  shale,  and 
occasional  interruptions  of  basalt  and  rhyolite,  which  are  folded 
into  a  well-marked  syncline  and  anticline.  In  these  sandstones 
there  are  outcrops  of  several  seams  of  coal,  one  being  3^  feet  thick. 
It  is  a  bituminous,  hard,  non-coking  steam-coal,  with  a  sandstone 
floor  and  hard  clay-roof  containing  impressions  of  dicotyledonous 
leaves.  Associated  with  the  coal  is  a  layer  of  brecciated  rhyolite, 
which  may  have  had  some  influence  in  converting  lignite  into  true 
coal.  The  section  of  a  trial  boring,  striking  the  coal  at  122  feet 
from  the  surface,  is  given ;  and  also  that  of  a  boring  225  feet  deep 
immediately  below  the  coal.  Apparently  overlying  the  sandstones 
are  palagonite-tufifs,  shales,  and  hard  limestones  of  Miocene  age. 
The  Eocene  sandstones  are  occasionally  overlain  by  soft  sandy  strata, 
probably  Pliocene,  with  which  naphtha-bearing  beds  are  inter- 
stratified.  Naphtha  in  quantity,  under  considerable  gas-pressure, 
has  been  obtained  from  borings,  a  section  of  one  of  which  is  given, 
300  feet  deep.  The  strata  are  much  disturbed  and  are  nearly 
vertical  in  places.  A  stony  clay,  having  no  apparent  connection  with 
the  present  drainage  system,  and  containing  scratched,  striated,  and 
facetted  boulders,  spreads  unconformably  over  all  the  formations 
previously  mentioned.  At  the  Hora  lighthouse  a  well-marked 
'raised  beach'  occurs  at  130  feet  above  present  sea-level,  sometimes 
cemented  into  a  concrete,  in  which  occur  Dreiasena  polymorpha  and 
a  Neritinaf  probably  N,  danuhialia.  The  fresh  water  within  the  Sea 
of  Marmora  must  at  this  epoch  have  stood  at  a  height  sufficient  to 
collect  the  drainage  of  the  whole  of  South-Eastern  Europe  and 
Western  Asia,  an  area  of  at  least  2,000,000  square  miles,  into  a  fresh- 
water sea,  from  which  the  volume  of  water  discharged  (even  with 
the  present  small  rainfall)  would  be  not  less  than  twice  that  of 
Niagara.  The  Dardanelles  channel  is  itself  a  gorge  cut  back  through 
soft  horizontal  Miocene  strata,  with  every  appearance  of  rapid  erosion 
by  falling  water. 

2.  "  On  the  Geological  and  Physical  Development  of  Dominica ; 
with  Notes  on  Martinique,  St.  Lucia,  St.  Vincent,  and  the  Grena- 
dines."    By  Professor  J.  W.  W.  Spencer,  Ph.D.,  M.A.,  F.G.S. 

These  islands  form  a  continuation  of  the  volcanic  chain  extending 
from  Guadeloupe,  though  separated  one  from  the  other  by  embayments 
in  the  submarine  plateau,  reaching  to  depths  of  more  than  6,000 
feet,  within  the  line  connecting  the  shores  of  the  islands.  These 
submarine   valleys  head  in  cirques,  like  the  amphitheatres   which 
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oooar  on  the  slopes  descending  from  high  plateaux.  From  the  ends 
of  the  cirques,  valley-like  channels  can  be  traced  landward  on  the 
sabmerged  plateaux,  or  can  be  found  to  cross  them  in  order  to  join 
like  features  on  the  other  side.  The  cols  between  the  opposite  valleys 
vary  in  depth  from  about  2,000  to  3,600  feet,  except  that  between 
the  Grenadines  and  the  Trinidad  banks,  where  the  divide  may  not 
be  more  than  750  feet  below  the  surface  of  the  sea,  and  one  south 
of  St.  Vincent  (less  than  1,300  feet).  Some  of  the  submarine 
channels  have  remarkable  tributaries.  The  drowned  valleys,  like 
those  about  the  islands  to  the  north,  assume  two  very  different 
forms — those  with  broad  undulating  outlines,  such  as  characterize 
the  features  produced  during  the  long  Miocene-Pliocene  period  of 
erosion,  when  the  surfaces  of  the  land  were  at  or  near  the  base-level 
of  erosion,  and  other  types  where  very  deep  valleys  and  gorges 
incise  the  more  rounded  features  of  the  drowned  plateau,  which  in 
the  early  Pleistocene  epoch  thus  appears  to  have  stood  for  a  limited 
time  at  an  altitude  of  6,000  or  7,000  feet,  as  shown  within  the 
limits  of  the  Antillean  mass  (and  still  higher  from  evidence  beyond). 
There  are  no  coastal  plains,  strictly  speaking;  only  to  a  very  limited 
extent  are  the  islands  surrounded  by  shelves  submerged  to  a  depth 
of  less  than  200  feet.  But  the  Grenadine  banks  are  extensive. 
One  or  two  outlying  remnants  of  the  Antillean  plateau  occur  south- 
east of  Dominica,  and  another  about  60  miles  east  of  Martinique, 
all  of  which  may  be  fragments  of  the  old  coastal  plains. 

All  the  islands  are  underlaid    by  old  Tertiary  or  pre-Tertiary 

igneous  rocks,  as  in  Guadeloupe.     Such,  where  exposed,  are  found 

to  be  very  much  decayed.      Elsewhere,  they  are  covered  by  tuflfs 

with  only  angular  breccia.     Upon  such  surfaces,  denuded,  rest  other 

tuflfs  derived  from  older  deposits,  containing  water-worn  pebbles,  in 

hnes  of  bedding.     These  last  may  be  the  equivalent  of  the  Tertiary 

tuffs  and   limestones  of  Guadeloupe.      Upon  their  eroded  surface 

rests  a  gravel  formation,  which  itself  has  largely  been  washed  away. 

In  the  hollows  of  its  surface  is  found  another  formation  composed  of 

coral  limestone,  containing  a  fauna  which  still  survives,  with  one  or 

two  possibly  extinct  forms.     The  deposit  occupies  a  position  similar 

to  one  in  Guadeloupe  and  another  in  St.  Kitts.     Its  surface  is  also 

greatly  eroded,  and  then  covered  with  another  stratified  sand-and- 

j^vel  accumulation.     The  surface  of  the  slopes  is  often  covered  by 

a  loam,  which,  in  part  at  least,  is  a  land-formation.     The  Pleistocene 

Period  is  thus  seen  to  have  been  one  of  changing  physical  conditions. 

The  older   Tertiary    history   must   be   inferred   from    that   of  the 

neighbouring  islands. 

Lavas  may  be  seen  underlying  the  gravels,  and  accordingly  we  find 
that  the  volcanic  activity  was  renewed,  after  a  very  long  Tertiary 
quiescence,  in  the  Pleistocene  Period. 

The  plains  underlaid  by  the  beds  of  old  tuffs  have  been  so  raised 
up  as  to  give  rise  to  sloping  terraces  dipping  outward  from  the  late 
volcanic  centres,  showing  that  their  elevation  has  been  due  to  local 
uplifts,  and  not  to  regional  movements,  and  also  that  to  igneous 
centres  alone  are  confined  the  volcanic  uplifts,  which  do  nol  exl^tv^ 
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to  sQoh  remnants  of  ooastal  plains  as  are  found  in  the  Antillean 
region.  The  recent  terraces,  which  are  not  deformed,  are  small, 
and  perhaps  do  not  rise  to  more  than  70  feet  above  the  sea. 
Toutliful  canons  are  being  formed  near  the  months  of  the  streams, 
showing  the  recent  re-elevation  of  the  land. 

3.  ''  On  the  Oeologioal  and  Physical  Development  of  Barbados, 
with  Notes  on  Trinidad."     By  Professor  J.  W.  W.  Spencer,  Ph.D., 

M.A.,  F.as. 

Barbados,  over  100  miles  east  of  the  main  chain  of  islands,  is 
a  remnant  of  the  dismembered  and  sunken  Antillean  plateau,  with 
the  embay  ment  in  it,  west  of  the  islands,  reaching  to  a  depth  of  over 
7,000  feet.  But  the  drowned  Barbados  ridge  extends  far,  both  to 
the  south  and  to  the  north  of  the  island,  and  is  connected  bj 
another  ridge  with  the  Martinique  mass.  Its  hydrographic  features 
are  best  understood  when  studying  the  question  of  the  general 
relationship  of  the  islands. 

Trinidad  is  part  of  the  South  American  continent,  being  on  the 
subcoastal  shelf  which  extends  much  farther  seaward. 

The  Scotland  Sands  and  the  deep  Oceanic  Series  of  Barbados 
have  been  comprehensively  studied  by  others.  The  Oceanic  Series 
is  here  shown  to  be  no  newer  than  the  Eocene  Period,  and  the 
Scotland  Series  is  supposed  to  date  back  to  the  beginning  of  the 
Tertiary  or  even  to  an  older  epoch.  The  *  Eaised  Coral-Reefs  *  are 
differentiated  into  three  formations,  all  of  white  limestone  or  marl. 
The  oldest  beds  are  all  tilted  to  considerable  angles.  They  contain 
an  Oligocene  fauna.  Their  surfaces  are  eroded  into  rounded  forms, 
showing  that  the  topographic  feature  was  completed  at  a  low 
elevation  above  the  base-level  of  erosion.  As  no  other  Tertiary 
formation  occurs  until  the  close  of  the  Pliocene,  it  is  inferred  that 
the  region  was  a  land-surface  throughout  the  long  Miocene-Pliocene 
Period.  This  limestone  is  the  equivalent  of  the  Antigua  formation. 
In  the  hollows  of  its  surface  occur  the  remains  of  a  mechanical 
limestone  (the  Ragged  Point  Series),  which  has  been  mostly 
carried  away  by  subsequent  denudation.  It  lies  in  a  horizontal 
position.  Newer  still  is  the  Bath  Series,  or  raised  coral-reefs, 
with  a  fauna  still  living.  However,  it  is  an  old  Pleistocene  forma- 
tion, and  its  surface  is  very  much  denuded.  Some  of  the  newer 
fossilif'erons  beds  may  represent  even  another  distinct  Pleistocene 
epoch.  The  greatest  elevation  and  denudation  appear  to  have  been 
in  the  early  Pleistocene  days.  The  terraces  occur  in  Barbados  at 
much  higher  elevations  than  in  the  other  islands,  as  this  district  does 
not  appear  to  have  undergone  so  great  an  amount  of  recent  sub- 
sidence as  that  which  carried  down  the  surfaces,  with  little  caiions 
and  channels,  below  sea-level,  adjacent  to  the  other  islands.  The 
local  features  of  Barbados  extend  our  knowledge  of  the  history  of 
the  whole  chain  of  islands,  besides  agreeing  with  the  phenomena 
found  elsewhere. 

Trinid-id  has  more  continental  features  than  the  other  islands. 
Its   surface  topography   has   been  found  to  owe   its  origin  to  the 
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erosion  features  of  the  Miooene-Pliooene  Period,  whioh  have  been 
<»yered  by  only  thin  mantles  as  in  Barbados,  so  that  its  life-history 
falls  into  harmony  with  that  of  the  other  islands.  In  its  older 
beds  it  has  the  deep  oceanio  oozes  as  in  Barbados.  No  volcanio 
phenomena  have  been  added  to  the. features  of  these  islands. 


n.— January  8th,  1902.— J.  J.  H.  Teall,  Esq.,  M. A.,  F.R.S.,  President, 
in  the  Chair.     The  following  communications  were  read  : — 

1.  "A  System  of  Glacier-Lakes  in  the  Cleveland  Hills."  By 
Percy  F.  Kendall,  Esq.,  F.G.S.,  Lecturer  in  Geology  at  the  Yorkshire 
College,  Leeds. 

After  referring  to  existing  '  extra-morainio '  lakes,  such  as  the 
Marjelen  See  and  those  of  the  Chaix  Hills,  the  author  proceeds  to  deal 
with  the  criteria  for  the  recognition  of  such  lakes.  These  include 
beaches,  deltas,  floor-deposits,  and  overflow-channels.  Shore-scarps 
are  common  in  Cleveland,  but  beaches  are  rare  or  absent,  the 
reason  being  in  part  that  stability  was  rarely  secured  owing  to 
Uie  overflows  being  over  soft  Jurassic  strata.  Deltas  also  are  not 
oommon.  The  floor-deposit  of  lakes  may  be  distinguished  from 
river-alluvia  by  the  fact  that  the  lamination  is  close  and  regular, 
but,  being  parallel  to  the  subjacent  surface,  it  may  be  highly 
inclined.  On  the  other  hand,  alluvia  are  laid  down  on  horizontal 
surfaces,  but  rarely  show  good  lamination.  Overflow-channels  are 
grouped  into  four  main  types  :  'direct  overflows,'  which  trench  the 
main  watershed  of  a  country  ;  *  severed  spurs,'  across  the  spurs  of 
the  main  watershed;  'marginal  overflows,'  at  first  merely  a  shelf 
cut  in  the  hillside,  but  subsequently  developed  into  an  actual  gorge; 
and  'in-and-out  channels,'  or  crescentio  valleys  excavated  in  the 
face  of  a  hill  by  water  flowing  round  a  lobe  of  ice.  Such  overflows 
are  independent  of  the  natural  drainage  ;  they  have  at  first  a  slight 
and  then  a  steep  fall,  and  in  section  they  have  steep  sides  and  flat 
floors.  The  meanders  of  the  valleys  and  the  run  of  the  contouring 
also  possess  special  features,  and  the  valleys  rarely  or  never  receive 
any  considerable  tributaries. 

Evidence  from  borings  and  drift-filled  channels  is  given  to  show 
that  during  or  before  the  Glacial  Period  the  land  was  considerably 
above  its  present  level.  The  Glacial  deposits  are  described  in  detail 
from  sections  and  borings,  some  of  them  carried  out  by  the  author, 
and  the  assemblages  of  boulders  are  identified  and  classified  into 
three  chief  groups — a  Western  group,  from  the  Solway,  Vale  of  Eden, 
Siainmoor  Pass,  and  the  Tees ;  a  Northern  group,  from  the  Tweed 
and  Cheviots  and  from  Eastern  Durham  ;  and  an  Eastern  group, 
from  the  Christiauia  region,  the  Gulf  of  Bothnia,  and  Denmark  or 
the  North  Sea. 

The  author  has  been  unable  to  detect  any  signs  of  the  presence 
of  the  sea  ia  this  area  at  any  time  during  the  Glacial  Period. 
Three  main  ice-masses  appear  to  have  been  concerned  in  producing 
the  deposits :  one  from  the  Southern  Uplands  and  the  Solway, 
joined  by  the  local  ice  of  the  Tees;   a  second  orig'inaVmg  \\\  \\i^ 
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Tweed  Valley,  and  driyen  sootliward  round  the  Cheviota  by  the 
proaaore  of  the  third,  or  ScandinaTian,  ice-masa.  The  general 
order  of  eventa  ia  anppoaed  to  haye  been — (1)  the  nnobat rooted 
paaaage  of  the  Teeedale  glacier  to  the  coast ;  (2)  the  arrival  of  the 
Scandinavian  ice ;  and  (3)  the  invaaion  of  the  Scottish  ice. 

The  first  of  the  extra-morainic  lakes  described  is  that  of  the  Yale 
of  Pickering,  the  lowest  of  the  seqaence,  which  for  a  long  period 
received  all  the  drainage  of  the  district  except  that  of  the  western 
margin,  and  the  ontflow  from  which  into  li^ke  Hamber  was  that 
now  occopied  by  the  River  Derwent  Newton  Dale  was  the  outflow 
of  the  lake-series  of  the  Eskdale  country.  The  Elskdale  system 
oomprisee  a  series  of  lakes  connected  by  an  '  aligned  sequence '  of 
ovei^ows ;  and  here  it  is  possible  to  trace  the  consequences  of  the 
shrinkage  of  the  ice- masses  and  to  follow  out  the  low-level  phases 
of  the  lake.  The  ice  pressing  upon  the  northern  face  of  the  Cleve- 
land Hills  gave  rise  to  a  series  of  lakelets,  connected  with  which  are 
the  following  set  of  overflows : — Scugdale  and  Scartb  Nick,  Bilsdale, 
Kildale,  Ewe  Crag  Beck,  Tranmire,  and  Egton  Moor.  Ibumdale 
contained  a  lakelet  overflowing  eastward.  Behind  a  narrow  coast-strip 
of  country,  extending  from  Robin  Hood's  Bay  to  H  unman  by,  there 
runs  a  gorge  which  receives  all  the  drainage  of  the  '  hinterland ' 
and  carries  it  into  the  Yale  of  Pickering.  In  the  production  of  this 
arrangement  the  e£fects  of  an  ice-sheet  shutting  the  seaward  ends 
of  the  valleys  is  traceable ;  the  position  of  the  main  overflows  was 
stable,  and  the  drainage  was  permanently  deflected. 

In  dealing  with  the  sequence  of  the  ice-movements,  evidence  is 
brought  forward  to  prove  that  the  Teesdale  ice  was  the  first  on  the 
ground  in  question,  but  none  of  the  lake  phenomena  have  been 
correlated  with  this  first  phase.  The  second  phase  was  the  complete 
diversion  of  this  ice  into  the  Yale  of  York,  brought  about  by  the 
growth  of  the  Scandinavian  ice-sheet.  The  third  is  the  invasion  of 
Scottish-Northumbrian  ice,  which  may  have  passed  out  to  sea  and 
been  driven  inland  again,  carrying  flints  and  smashed  sea-shells 
with  it,  and  may  have  extended  as  far  as  Lincolnshire  on  the  south 
and  Whorlton  on  the  west. 

2.  "  The  Glaciation  of  Teesdale,  Weardale,  and  the  Tyne  Yalley, 
and  their  Tributary  Yalleys."  By  Arthur  R.  Dwerryhouse,  Esq., 
B.Sa,  F.G.S. 

After  an  account  of  the  topographical  solid  geology  of  Teesdale, 

the  author  describes  the  four  distinct  types  of  Drift  in  the  area  as 

follows : — 

(a)  A  sandy  reddish -brown  clay,  with  a  large  number  of  well -scratched  stones. 
\b\  A  black  loamy  or  peaty  clay. 

\c)  A  coarse  gravelly  deposit,  with  many  water- worn  and  a  few  scratched  stones. 
\d)  A  stiff  blue  Boulder-clay. 

The  first  class  is  the  most  widely  distributed  ;  it  occurs  in  elongated 
ridges,  and  is  the  direct  product  of  ice-action  on  the  rocks  of  the 
upper  part  of  the  Dale.  The  black  loamy  clay  is  characteristic  of 
areas  occupied  by  ice-dammed  lakes.  The  third  class  occurs  in 
long  esker-like  ridges,  and  is  particularly  plentiful  in  the  country 


Correspondence-^  J.  Adam  Watson.  85 

formerly  occupied  by  the  Sfcainmoor  glacier.  The  dark-blue  clay 
is  mainly  derived  from  Carboniferous  rocks.  A  detailed  description 
of  the  Glacial  deposits,  boulders,  and  strisB  is  next  given  ;  and  from 
this  the  following  conclusions  are  deduced : — Upper  Teesdale  was 
heavily  glaciated  by  local  ice  from  the  eastern  slope  of  the  Cross 
Fell  Kange ;  this  part  of  the  Dale  was  not  invaded  by  any  other 
ioe,  and  the  higher  peaks  stood  out  as  nunataks.  At  the  period 
of  maximum  glaciation  a  number  of  lakes  were  formed,  owing  to 
the  obstruction  of  the  drainage  of  lateral  tributary  valleys  by  the  ice 
of  the  main  glaciers.  Lunedale  was  occupied  by  ice  (the  Stainmoor 
glacier)  which  came  from  the  drainage-basin  of  the  Irish  Sea, 
joined  the  Teesdale  glacier  about  Middleton-in-Teesdale,  and  by  its 
thrust  deflected  the  Teesdale  ice  into  the  Valley  of  the  Wear. 
Daring  the  retreat  of  the  ice  there  was  a  lengthened  period  of 
'constant-level,'  when  well-marked  drainage-channels  were  formed, 
and  after  this  the  ice  was  removed  with  great  rapidity.  A  tongue 
of  ice  flowed  from  Upper  Teesdale  by  Yad  Moss  to  the  Valley  of  the 
South  Tyne. 

Similar  evidence  with  regard  to  Weardale  and  the  Tyne  Valley  is 

given,  and  the  following  conclusions  are  drawn  among  others  : — Ice 

from  Teesdale  and  the  tributaries  of  the  South  Tyne  occupied  the 

valley  of  the  latter  nearly  as  far  as  Lambley,  where  it  was  joined  by 

a  large   glacier  which  crossed   the  northern  end  of  the  Pennine 

Chain.     This  glacier  was  continuous  in  a  northerly  direction  with 

the  ice  of  the  Southern  Uplands  and  the  glacier  of  the  North  Tyne, 

and,    when   at   its   maximum,   deflected    the   last   north  -  eastward, 

causing  a  movement  in  that  direction  along  the  southern  flanks  of 

the  Cheviot  Range.     But  at  the  beginning  and  end  of  the  glaciation 

the  ice  in  the  Valley  of  the  North  Tyne  flowed  south-eastward.    The 

southern  margin  of  the  South  Tyne  glacier  passed  across  the  heads 

of  Allendale  and  Devil's  Water  into  the  Wear  Valley  ;  and  along 

this  margin  were  a  series  of  ice-dammed  lakes  with  a  corresponding 

series   of  overflow-channels,   many  of  which  are  now  stream  less. 

Weardale  was  mainly  occupied  by  its  own  ice,  but  the  lower  part  of 

the  valley  was  invaded  by  the  Tyne  ice  from  the  north  and  that 

uf  the  Tees  from  the  south.     There  were  no  lakes  strictly  connected 

with  the  last  system. 

coI^I^ESDPo:N■x)EIiTCE- 

DEAN  BUCKLAND  AND  McENERY. 

Sir, — May  I  call  attention  to  a  point  in  the  history  of  geological 
science  which  seems  in  danger  of  falling  into  the  realm  of  myth, 
and  which  apparently  can  yet  have  light  thrown  on  it  by  at  least 
two  geologists,  whose  names  are  well  known  and  honoured  by  all 
who  desire  that  that  history  should  be  handed  down  to  future 
generations  in  its  integrity.  I  refer  to  Professor  Rupert  Jones  and 
Mr.  A.  R.  Hunt. 

The  first  discoveries  which  led  to  the  views  now  held  as  to  the 
uitiquity  of  man  were  made  in  Kent's  Cavern  in  1B25-&  X^'j  titi^ 
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ItoT.  Jobn  MoEnery.  Tet  English  science  has  lost  the  credit  of 
prioritjT  bj  the  fact  that  the  records  of  these  discoveries  remained 
unpubUshed  until  1859.  It  has  been  suggested  that  their  publication 
was  **  suppressed."  owing,  according  to  one  writer,  to  the  influence 
of  Huxley,  of  all  men  in  the  world.  The  erroneousness  of  this 
amaiing  statement  was  at  once  pointed  out  hy  the  two  geologists 
I   have  named.     Mr.  Hunt,  however,  associates  the  delay  in  the 

SoblicatioQ  of  the  Kent's  Cavern  evidence  with  the  delay  in  issuing 
!iat  of  the  Brixham  Cave.  The  two  cases  seem  entirely  distinct. 
Mo£nery*s  discoveries  were  made  thirty  years  before  the  Brixham 
C^ve  was  explored,  and  daring  that  time  many  facts  discovered 
on  the  Continent  had  come  to  light.  Professor  Rupert  Jones,  on 
the  other  hand,  tells  us  that  the  notes,  supposed  to  be  "  lost,"  were 
'*  really  kept  in  the  background  by  influence  of  the  Rev.  Dean 
Buckland."  The  Professor  must  be  in  possession  of  facts  which  are 
certainly  not  to  be  found  in  the  evidence  as  it  stands. 

I  have  carefully  studied  the  literature  of  the  subject,  and  can 
find  no  suggestion  of  influence  brought  to  bear  by  anyone  with 
a  view  to  suppression  of  publication  of  the  notes.  McEnery  may 
have  been  deterred  by  fear  of  orthodox  persecution,  or  out  of 
deference  to  Dean  Buckland,  who  differed  from  him  in  some  of  his 
conclusions,  but  there  is  no  evidence  for  either  theory.  If  I  might 
suggest  a  reason  for  the  non-appearance  of  the  work  during  hia 
lifetime,  I  should  say  it  is  to  be  found  in  the  modesty,  simplicity, 
and  amiability  of  McEnery's  character.  His  own  story  is  perfectly 
explicit.  His  original  intention  was  to  publish  the  results  of  his 
researches  at  once.  His  private  means  being  insufficient  for  this, 
he  drew  up  a  prospectus  with  the  object  of  procuring  pecuniary 
assistance,  but  apparently  this  prospectus  was  never  issued.  Partly 
on  account  of  bad  health,  and  partly  in  the  belief  that  some  one 
better  equipped  than  himself  in  geolojify  and  palaeontology  would 
take  the  matter  up,  he  abandoned  the  idea  of  publication,  but 
continued  adding  to  and  altering  his  notes  to  such  an  extent  that 
they  became  terribly  confused.  We  find  additions  made  to  them 
as  late  as  1836,  containing  quotations  from  Buckland's  Bridgewater 
Treatise,  published  in  that  year.  Finally,  shortly  before  his  death, 
he  again  announced  his  intention  of  publishing  his  memoir  forthwith. 
Unfortunately,  he  died  in  the  beginning  of  1841,  without  having 
even  prepared  his  notes  for  the  printer. 

The  subsequent  history  of  his  manuscript  seems  equally  clear. 
His  effects  were  sold  by  auction,  and  tlie  precious  notes  happened 
to  be  mixed  up  in  a  miscellaneous  '  lot '  of  sermons  and  other 
papers,  which  was  purchased  by  Mr.  Lear,  a  Torquay  tradesman 
who  collected  fossils.  From  him,  or  perhaps  after  his  death,  they 
were  purchased  by  Mr.  W.  Long,  F.G.S.,  of  Saxmundham.  This 
gentleman  had  already  shown  much  interest  in  cavern  researches, 
and  had  communicated  a  paper  on  the  subject  to  the  British 
Association  Meeting  at  Newcastle  in  1838.  He  handed  them  over 
Mr.  Vivian  with  a  view  to  their  publication,  which  was  effected 
2859.     It  IB  worthy  of  remark  that  for  seven  or  eight  years 
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before  that  date,  any  inflnence  on  the  part  of  Dean  Bnokland  waa 
out  of  the  question.  Professor  Rupert  Jones  has,  rightly,  I  think, 
rsferred  to  the  statement  regarding  Huxley  as  "  not  only  uncalled 
for,  bat  unkind."  Will  he  now,  for  the  sake  of  historical  aocuraoy, 
gire  us  his  reasons  for  placing  the  burden  of  responsibility  on  the 
shoulders  of  the  Dean  ?  And  will  Mr.  Hunt  let  us  have  the  "  long 
itory"  so  far  as  it  refers  to  McEnery's  notes?  If,  as  he  says, 
it  dates  "  long  subsequent  to  McEnery's  death,"  again  it  is  difficult 
to  see  where  and  how  Dean  Buckland's  influence  was  exerted. 

J.  Adam  Watson. 
*'Hat  To&,*'  Dbnninoton  Paul  Road,  Hampstead. 
December  'lUt,  1901. 


THE  HOLOCENE  DEPOSIT  AT  CASTLE  GARY. 

Sib, — In  our  recent  paper  on  ''The  Post- Pliocene  Non-Marine 
Hollusca  of  the  South  of  England"  (Proc.  Geol.  Assoc,  vol.  xvii, 
pt  5),  when  speaking  of  the  holocene  deposit  at  Castle  Gary  (p.  234) 
we  express  regret  that  we  were  unable  to  obtain  any  information 
ooDoerning  it 

Our  attention  has  now  been  called  to  the  fact  that  an  account  of 
this  alluvial  deposit  is  given  in  the  Geological  Survey  Memoir  on 
East  Somerset  by  Mr.  H.  B.  Woodward,  and  we  hasten  to  express 
our  regrets  to  that  author  for  the  oversight.  He  gives  the  following 
list  of  shells  which  he  obtained  from  the  spot  in  1868,  viz. : 
"jETe/ix  aspersa^  H.  nemoralis,  Cyclns,  Ancylus  flnviatilis,  Limneus^ 
Unto  (fragments).*'  Of  these,  oiily  one,  the  Ancylns  flaviatilia,  is 
common  to  our  list;  concerning  the  others,  not  having  seen  the 
specimens,  we  are  unable  to  pronounce  any  opinion. 

A.  S.  Kennard. 

B.  B.  Woodward. 


PROFESSOR    RALPH    TATE,   F.L.S.,   F.G.S. 

Born  1840.  Died  SEPTEMbEU  20,  1901. 

If  Professor  Tate  had  remained  in  England  his  loss  would  have 
been  severely  felt  by  British  geologists  ;  as  it  is,  that  loss  is  to 
a  large  extent  transferred  to  tlie  Antipodes,  where  South  Australia 
will  increasingly  lament  the  departure  of  one  who  has  been  so 
much  to  the  science  of  the  Colony.  In  tliis  country  his  memory 
will  linger  chiefly  in  the  minds  of  those  who  can  look  back  beyond 
the  last  quarter  of  a  century,  but  it  will  be  a  fond  memory,  based 
on  sincere  admiration  of  his  powers  and  his  character. 

Ralph  Tate  was  the  nephew  of  the  well-known  geologist  George 
Tate  of  Alnwick,  where  he  was  born  in  1840.  He  received  his 
primary  education  at  the  Cheltenham  Training  College,  whence  he 
was  sent  in  1857  to  the  Royal  School  of  Mines,  where  he  studied 
for  two  years.  After  some  little  practice  in  teaching  at  the  Poly- 
technic he  went  to  Belfast  in  1861  as  teacher  of  l^aturaY  ^civ^TiO^ 
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at  the  PhOoK^icil  iDsHtotioii,  his  pnndpal  subjects  of  interest 
being  BotsDj,  noo-mmniie  Condiologj,  and  Gecdogy,  particolarlj 
the  pslssoDtologicsl  ride  of  it.  His  first  prooeediiig  was  to  foand 
the  Belfast  NstaralisU  Field  Clab,  whidi  is  still  in  Tigorons 
opention^  and  be  also  drew  up  a  Flora  of  Belfast  and,  at  a  later 
date,  a  descriptire  list  of  Irish  LiaasiG  Fossils,  including  several  new 
species.  An  earlier  peper  on  an  allied  subject  contributed  in  1864 
to  the  Geological  Societj  was  followed  bj  bis  remoTsl  to  Lond<m  as 
Assistant-Corator  to  the  Society,  the  leenlts  of  wbidi  appointment 
maj  be  seen  in  the  admirable  condition  as  to  naming,  etc.,  of  the 
specimens  in  the  Society's  Kosenm  which  came  under  his  hand. 
Whilst  in  this  position  he  contributed  three  papers  to  the  Quarterly 
Journal — on  the  Cretaceous  Bocks  of  the  Xorth-East  of  Ireland,  on 
the  Zone  of  AwuMmiUi  angwlatus,  and  on  the  South  African  Fossils 
in  the  Museum — all  highly  palsBontologicaL  He  was  also  at  work  in 
the  other  branches  of  Natural  History  which  interested  him,  writing 
three  Botanical  papers  in  1866  and  a  small  textbook  on  Land  and 
Fresh-water  Mollasca.  These  various  branches  were  so  well 
handled  that  Lyell  and  Huxley  amongst  geologists,  Gwyn  Jeffreys 
amongst  ooncbologists,  and  Hooker,  Baker,  and  Carruthers  amongst 
botanists  nominated  him  as  Associate  of  the  Ltnnean  Society 
in  1866. 

In  1867  he  was  sent  by  the  Central  America  Association  on  an 
exploring  expedition  to  Nicaragua,  and  in  the  following  year  to 
Guyana  in  Venezuela,  expeditions  which  resulted  in  papers  to  the 
Geological  Society  on  the  geology,*  and  to  the  American  Journal  of 
Conchology  on  the  non-marine  Mollasca  of  those  countries.  In  the 
interval  and  afterwards  he  conducted  classes  at  the  Mining  School 
at  Bristol,  and  also  brought  out  his  well-known  Appendix  to 
Woodward's  Manual  of  Mollasca,  and  an  admirable  little  class-book 
of  geology  forming  two  volames  of  Weale*s  Radimentary  Series ; 
at  the  same  time  he  was  communicating  a  series  of  Jurassic  papers 
(four)  to  the  Geological  Society.  In  1871  he  was  appointed  teacher 
to  the  Mining  School  established  by  the  Cleveland  Ironmasters,  first 
at  Darlington  and  then  at  Redcar.  His  attention  was  thus  drawn 
to  Yorkshire,  and  ultimately  led  to  his  bringing  out  (in  conjunction 
with  the  writer  of  this  notice)  his  well-known  work  "The 
Yorkshire  Lias." 

About  this  time,  however  (1875),  a  complete  change  occurred  in 
his  life  on  his  appointment  as  Professor  of  Natural  Science  on  the 
Elder  Foundation  at  the  University  of  South  Australia  in  Adelaide. 
To  the  work  thus  opened  before  him  he  henceforth  devoted  all  his 
energies.  He  found  there  a  Philosophical  Society  issuing  no 
proceedings  and  studying  science  chiefly  at  second-hand.  This 
Society  he  determined  to  raise  to  a  high  position  by  commencing 
a  series  of  Transactions,  and  publishing  in  them  his  papers  on  the 
Geology  and  Natural  History  of  the  Colony,  instead  of  sending  them 
to  better  known  and  more  widely  circulating  journals,  and  by 
persuading  others  to  do  the  same.  For  three  years  he  piloted  this 
Society,  first  as  Vice-President  and  constant  Chairman  (1877-8), 
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and  then  as  PreBident  (1878-80),  by  whioh  time  he  had  established 
it  Qoder  the  new  title  ''The  Royal  Society  of  South  Australia." 
In  the  twenty-four  volumes  issued  up  till  now  we  find  no  less  than 
ninety-one  papers  contributed  by  him  :  a  few  of  these  are  botanical, 
others  are  on  general  geology,  such  as  glaciation,  but  the  greater 
number  are  on  the  Tertiary  beds  of  the  continent  and  their  fossil 
Mollusca.  On  this  subject  he  contributed  also  to  the  Proceedings 
of  the  Royal  Society  of  Tasmania,  of  the  Linnean  Society  of  New 
Sooth  Wales,  and  of  the  Australian  Association  for  the  Advancement 
of  Science,  of  which  he  was  President  in  1893.  How  broadly  and 
firmly  he  tl^us  laid  the  foundation  of  our  knowledge  of  MoUuscan 
phytogeny  in  the  Australian  province  may  be  judged  from 
i  Catalogue  of  Tertiary  Australian  Mollusca  in  the  British  Museum 
issued  in  1897.  Out  of  380  species  therein  recognized  from  the 
Australian  continent,  225  are  species  established  by  him  and  90 
more  are  determined  or  recorded  in  his  writings ;  every  one  of  his 
species  (with  a  single  doubtful  exception)  is  accepted  by  the  author 
of  that  catalogue,  and  only  four  corrections  of  names  are  suggested. 
This  is  probably  a  '  record '  result. 

In  1888  Professor  Tate  took  over  the  editorship  of  the  Transactions, 
and  with  one  short  intermission  continued  it  to  the  last.     In  1893-5 
he  was  again   President  as   ^  Governor's   Representative,*   and   he 
took  occasion  to  congratulate  the  Society  on  the  position  its  Trans- 
actions had  attained,  and  to  thank  the  early  contributors  for  their 
self-sacrifice   for  its  sake  in  sending  their  papers  to  a  publication 
then  so  obscure.     Soon  afterwards  ho  learnt  the  price  ho  hud  himself 
paid  in  doing  the  same.     In  the  Autumn  of  1896-7  he  paid  a  visit 
to  this  country,  and  unhappily  the  opportunity  was  not  seized  of 
giving    him    that   recognition    of    the    value    of    his    work    which 
undoubtedly  would  have  long  ago  been  his  had  he  remained  in  this 
country    or   sent   his   papers    to  European   publications.      He  was 
somewhat  disappointed  at  this,  but  let  us  liope  ho  was  a  philosopher. 
At  all  events,  he  continued  his  work  in  his  adopted  country  with 
undiminished  zeal,  and  only  the  approach  of  his  final  malady  put 
a  period  to  his  activity.     Early  this  year  heart  trouble  gradually 
became   more  serious,  and  brought  his  useful  and  honourable  life 
to  a  conclusion  on  September  20th.     He   was  twice  married,  and 
leaves  behind  him  several  children  all  well  established  in  life,  as  is 
his  own  reputation  in  the  minds  of  all  palaBontologists. 

J.  F.  B. 

List  of  the  scientific  papers  by  Professor  Ralph  Tate,  F.L.S., 
F.G.S.,  deceased,  late  of  Adelaide  University,  South  Australia  : — 

"  Flora  Belfastiensis,"  8vo,  Belfast,  1863,  pp.  92. 

" On  the  Liassic  Strata  of  the  Neighbourhood  of  Belfast"  [1863]:    Quart.  Journ. 

Geol.  Soc,  1864,  vol.  xx,  pp.  103-111  ;  Phil.  Mag.,  1804,  vol.  xxvii,  p.  562. 
"  On  the  Correlation  of  the  Cretuceoufl  Formations  of  the  North-East  of  Ireland" 

[1864]:    Quart.  Journ.  Geol.  Soc.,  1865,  vol.  xxi,  pp.  15-44;    Phil.  Mag., 

1864,  vol.  xxviii,  p.  562. 
"  A  Deiicriptive  Catalogue  of  the  Fterocera  of  the  Cretaceous  Rocks  " :  Geol.  &  Nat. 

Hist.  Kep.,  1865,  pp.  91-93. 
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«  Ob  ihe flo-cdled  J2w<«am«  of  ihe  Cietaceoos  Bocki,  etc.":  Geol.  t  Nat  BigL. 

BsD.,  1866,  pp.  93-102. 
''  Floral  Immigratioii  at  Mitcham,  Surrey  ** :   Intellectual  Obserrer,  1866,  toI.  ix, 

pp.  284-288. 
"  A  plain  and  easj  Account  of  tlie  Land  and  Fresh-water  MoUnacs  of  Great  Britain,** 

8to,  London,  1866. 
<'  Upon  the  Flora  of  the  Shetland  Ides*' :  Joom.  Boi.,  1866,  toL  ir,  pp.  2-15. 
'*  A  New  Variety  of  Aninmedm  poli/olia  {A.  eurttn) "  :   Joom.  Boi.,  1866,  toI.  ir, 

pp.  377-378. 
'*  On  the  Occurrence  of  the  Genus  CroM—teUm  in  the  Oolitic  Rocks,  with  a  Descriptioa 

of  a  New  Sfieciee'*:  GeoL  &  Nat.  Hist.  Rep.,  1867,  pp.  396-397. 
'*  On  the  Liassic  Species  of  D'Orbigny  in  his  'Prodrome  de  Pal^ntologie *  ** : 

Geol.  &  Nat.  Hist.  Rep.,  1867,  pp.  394-396. 
*'  On  the  oldest  known  Species  of  Exogyruy  with  a  Description  of  4he  Species "  : 

Geol.  k  Nat.  Hist.  Rep.,  1867,  pp.  378-380. 
«« On  the  Liaasic  Affinities  of  the  Arimlm  tmtwria  Series  " :  GeoL  &  Nat  Hist.  Rep. , 

1867,  pp.  364-369. 
'*  On  some  i>ecoiidarT  Fossils  from  South  Africa  ** :  Quart.  Joum.  Geol.  Soc.,  1867, 

Tol.  xxiii,  pp.  139-175  ;  Phil.  Mag.,  1867,  rol.  xxxiii,  p.  396. 
**  On  the  Lower  I.ias  of  the  North-!&st  of  Ireland** :   Quart.  Joum.  Geol.  Soe., 

1867,  Tol.  xxiii,  pp.  297-305;  Phil.  Mag.,  1S67,  toI.  xxxiT,  p.  321. 
**  On  the  Fussiliterous  Development  of  the  Zone  of  Amtmmtte$  tingulatiu,  Schloth., 

in  Great  Britain  ** :   Quart.  Journ.  Gtiol.  Soc.,  1867,  vol.  xxiii,  pp.  305-315  ; 

Phil.  Mag.,  18'»7,  toI.  xxxiv,  p.  321. 
**  Note  on  AxiHOjMs,  gen.  nov.,    Schizodus,  et   Axinu**"  :    Gbol.   Mao.,    1868, 

Dec.  I.  Vol.  V,  p.  412. 
**  Species  of  Terrestrial  Mollusca  collected  on  the  Island  of  San  Lucia  '* :  Ann.  Mag. 

Nat  Hist.,  1869,  vul.  iv,  p.  356. 
•  *  ContributioDs  to  Jurassic  Palieontology :  (1)  Cryptaulax^  a  new  genus  of  Cerithiad» '  *  : 

Ann.  Ma?.  Nat  Hist,  1869,  vol.  iv,  pp.  417-419. 
On  the  Land  and  Fresh-water  Mollusca  of  Nicaragua** :  Rep.  Brit.  Assoc.,  1869, 

vol.  xxxix,  pp.  117-118;  Amer.  Joum.  Conch.,  1870,  vol.  v,  pp.  151-162. 
On  the  Oldest  British  Belemnite — B.  prttmaturus^^ :  Geol.  Mjlo.,  1869,  Dec.  I, 

Vol.  VI,  pp.  166-167. 
'*  Additions  to  the  IJ^t  of  Brachiopoda  of  the  British  Secondary  Rocks  **  :  Gbol. 

Mao.,  1869,  Dec.  I,  Vol.  VI,  pp.  550-550. 
"  Notes  on  the  Geology  of  Guyana  in  Venezuela*' :  Quart.  Joum.  Geol.  Soc.,  1869, 

vol.  XXV,  pp.  343-350  ;  Phil.  Mag.,  1870,  vol.  xiiix,  pp.  386-387. 
"  A  List  of  Iruh  Liassic  Fossils,  with  Notes  on  the  new  and  critical  species** :  Proc. 

Belfast  Nat.  Field  Club,  1870. 
"  Rudimentary  Treatise  on  Geoloey,**  1871.     Pt.  i:   Phvsical  Geology  ;  3rd  ed.,, 

8vo,  London,  lH79.     Pt  ii :  Historical  Geology;   2nd  ed.,  8vo,  l^ndon,  1875. 
'*  Note  on  th<;  Middle  Lias  in  the  North-East  of  Ireland  ** :  Quart.  Joum.  Geol.  Soc., 

1870,  vol.  xxvi,  pp.  324-325;  Phil.  Mag.,  1870,  vol.  xl,  p.  140. 
"  On  the  ralay)ni(»logy  of  the  Junction  Beds  of  the  Lower  and  Middle  Lias  in 

Gloucestershire  *'  .-Quart.  Joum.  Geol.  Soc.,  1870,  vol.  xxvi,  pp.  394-408. 
**  Addenda  to  the  Cybele  JTiUrmea  ** :  Joum.  Bot.,  1870,  vol.  viii,  pp.  80-82. 
'*  The  Fuller's  Earth  in  the  South-West  of  England** :   Quart.  Joum.  Sci.,  1870, 

vol.  vii,  pp.  68-71. 
**  On  the  Manaibles  of  Land  and  Fresh-water  Gasteropoda** :  Student,  1870,  vol.  iv, 

pp.  401-411. 
'*  A  Census  of  the  Marine  Invertebrate  Fauna  of  the  Lias** :   Gbol.  Maq.,  1871, 

Dec.  I,  Vol.  VIII,  pp.  4-11. 
**  On  the  Age  of  the  Nubian  Sandstone**:  Qnart.  Joum.  Geol.  Soc.,  1871,  vol.  xxvii, 

pp.  404-406  ;  Phil.  Mag.,  1871,  vol.  xlii,  p.  38S. 
**  Note  on  tho  Discovery  of  the  Oldest  Known  Trigonia  {T.  lingonensity  Dumortier)  in 

Britain**  :  Geol.  Mao.,  1872,  Dec.  I,  Vol.  IX,  p.  306. 
**  On  the  Palaeontology  of  Skye  and  Raasay  ** :   Quart.  Joum.  Geol.  Soc.,  1873, 

vol  xxix,  pp.  339-351. 
**  On  the  liias  aoout  Radstock  [Somersetshire]"  :  Quart.  Joum.  Geol.  Soc.,  1876, 

vol.  xxxi,  pp.  493-509. 
"  Rhsctic  and  Liassic  [Strata  of  the  Bristol  District]  in  Bristol  and  its  Environs** 

(Bep.  Brit.  Assoc),  8vo,  Bristol,  1875. 


«< 


«< 


Obituary— Pro/esior  Ralph  Tate.  91 

"  Appendix  of  Recent  and  Fossil  Conchological  DiscoTeries  "  :  see  Woodward,  S.  P., 
'*  A  Manual  of  the  Mollusca,"  3rd  ed. ;  12mo,  London,  1876. 

«  On  aome  New  Liaasic  Fossils  "  :  Gbol.  Mao.,  1876,  Dec.  II,  Vol.  II,  pp.  203-6. 

"  On  New  Species  of  Belemnites  and  Salenia  [B.  senescetu,  Tate  ;  S.  tertiaria^  Tate] 
from  the  Middle  Tertiaries  of  South  Australia  " :    Quart.  Joum.  Geol.  Soc, 

1877,  Tol.  xxiiii,  pp.  256-258 ;  Ann.  Ma<?.  Nat.  Hist.,  1877,  vol.  xix,  p.  268. 
*'  Descriptions  of  three  New  Species  of  Helix  [H.  indutay  H.  pietilia^  H.  arenieola] 

from  South  Australia  "  [1877] :   Proc.  Linn.  Soc.  New  South  Wales,  1878, 

Tol.  ii,  pp.  29')-291. 
ABmrersary  Address :  Trans.  Phil.  Soc.  Adelaide,  1878,  vol.  i,  pp.  11-47. 
"  On  the  Correlation  of  the  Coral-bearing  Strata  of  South  Australia,  with  a  List  of 

the  Fossil  Corals  occurring  in  the  Colony":   Trans.  Phil.  Soc.  Austr.,  1878, 

Tol.  i,  pp.  120-123. 
"  On  the  Foflsil  Marginellidaj  of  South  Australia  " :   Trans.  Phil.  Soc.  Adelaide, 

1878,  Tol.  i,  pp.  90-98. 

"  On  the  Recent  Marginellidic  of  South  Australia  ** :   Trans.  Phil.  Soc.  Adelaide, 

1878,  vol.  i,  pp.  86-89. 
Aomversarj  Address:  Trans.  Phil.  Soc.  Adelaide,  1879,  vol.  ii,  pp.  xxxix-lxxv. 
"The  Natural  Historv  of  the  Country  around  the  Head  of  the  Great  Australian 

Bight":  Trans.  l»hil.  Soc.  Adelaide,  1879,  op.  94-128. 
"  Zoologica  et  Palieontolojfia  Miscellanea,  chiefly  relating  to  South  Australia'*: 

Trans.  Phil.  Soc.  Adelaido,  1879,  vol.  ii,  pp.  129-140. 
Anniversary  Address:  Trans.  Roy.  Soc.  8.  Austr.,  1880,  vol.  iii,  pp.  xxxix-liv. 
"  A  Census  of  the  Indigenous  Flowering  Plants  and  Ferns  of  Extra -tropical  South 

Australia":  Trans.  Rov.  Soc.  S.  Austr.,  1880,  vol.  iii,  pp.  46-90. 
•*  On  some  New  Species  of  South  Australian  Pulmonifera "  :    Trans.  Roy.  Soc. 

S.  Austr.,  1880,  vol.  iii,  pp.  102-103. 
**  On  a  New  Species  of  Belemnite  from  Central  Australia  " :    Trans.  Roy.   Soc. 

S.  Austr.,  1880,  vol.  iii,  pp.  104-105. 
*'  On  the  Tertiary  Palliobranchs  of  Australia  "  :   Trans.  Roy.  Soc.  S.  Austr.,  1880, 

vol.  iii,  pp.  140-170. 
"On  some  Australian    Slugs,  chiefly  Tasraanian "  :    Proc.  Rov.   Soc.  Tasmania, 

1880,  pp.  15-18. 
"Rectification  of  the  Nomenclature  of  Purpura  anomala,  Angas  "  [1880]:   Proc. 

Linn.  Soc.  New  South  Wales,  1881,  vol.  v,  pp.  131-132. 
"  Tvpe   Species  of  Tasnianian  Shells  unreconlea   in   the  *  Census   of  Tasmanian 

'SLells'  ":  Proc.  Roy.  Soc.  Tasmania,  18S1,  pp.  31-32. 
"On  Menke's  Australian  Shells"  [1881]  :    Proc.  Liun.  Soc.  New  South  Wales, 

18S2,  vol.  vi,  pp.  387-408. 
"  Description  of  a  New  Sdccics  of  Australian  Amplexa  [A.  turrifal  "  [1881]  :  Proc. 

Linn.  S<.c.  New  South  Wales,  1882,  vol.  vi,  pp.  409-410. 
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JAMES    SHIPMAN,    F.G.S. 

BoBN  April  30,  1848.  Died  November  21,  1901. 

An  energetic  worker  on  geology  has  been  lost  to  scienoe  in  the 
death  of  Mr.  James  Shipman.     In  early  life  he  was  apprenticed 
to  the    printing  trade  ;   he  subsequently  entered  the   employment 
of  the  late  Mr.  Edmund  Kenals,  then  proprietor  of  the  Nottingham 
Daily  Express^  and  at  the  time  of  his  death  Mr.  Shipman  occupied 
a  post  on  the  sub-editorial  staff.     About  the  year  18G8  he  attended 
the  science  classes  held  by  the  late  Edward  Wilson,  and  in  1870 
he  won  the  bronze  medal  of  the  Science  and  Art  Department  for 
geology.     Later  on  Mr.  Shipman  became  a  teacher  in  the  science. 
He  devoted  himself  with  remarkable  enthusiasm  to    the    btudy  of 
all  the  open  geological  sections  in  and   around  Nottingham,   and 
furnished  important  aid  to  Mr.  W.  T.  Aveline  wlien  he  was  revising 
the  geological  survey  map  of  the  district.      He  became  an  active 
member  of  the  Nottingham  Naturalists  Society,  contributing  to  its 
Transactions  papers  on  the  geology  of  various  parts  of  Nottingham- 
shire and  Derbyshire.     The  Drift  deposits,  the  New  Red  Hocks,  and 
the  Coal-measures  naturally  attracte<l   his  chief  attention,  and   so 
thoroughly  sound  was   his  knowledge  that   his  advice  was  sought 
ia  various  inquiries  of  economic   importance.      As  a  journalist  his 
time  was  greatly  occupied,  and  especially  at  night,  so  that  it  was 
only  in  leisure  hours,  often  taken  from  those  which  should   have 
been  devoted  to  sleep,  that  he  was  enabled  to  give  so  much  time 
to  his  favourite  subject.     In  1887  he  published  '*  Holiday  Notes  of 
^Geologist,"  a  work  which  contained  many  interesting  reminiscences. 
There  can,  however,  be  little  doubt  that  by  utilizing  what  he  termed 
his '  free '  days  so  fully,  while  labouring  also  at  night,  lie  too  severely 
^xed  his  strength.     He  died  suddenly  at  the  age  of  53.* 

'  ^Ve  are  indebted  for  most  of  the;  above  particubirs  to  an  article  by  Mr.  A* 
Stiplfctou  in  the  yottingham  Daily  Express. 
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British  Museum  (Natubal  History). — We  have  much  satisfaction 
in  announoing  that  Dr.  Arthur  Smith  Woodward,  F.R.S.,  F.L.S., 
F.G.S.,  has  been  appointed  Keeper  of  the  Geological  Department  of 
the  British  Museum  in  the  room  of  Dr.  Henry  Woodward,  who 
lately  retired. 

BoTAL  Commission  on  Coal. — A  Boyal  Commission  on  Coal  has 
been  appointed  to  inquire  into  the  question  of  the  Coal  Supplies  of 
the  United  Kingdom.     The  terms  of  reference  are  as  follows  : — 

**To  inquire  into  the  extent  and  available  resources  of  the  coalfields 
of  the  United  Kingdom  ;  the  rate  of  exhaustion  which  may  be  anticipated, 
having  re^rd  to  possible  economies  in  use,  by  the  substitution  of  other 
fuel  or  the  adoption  of  other  kinds  of  power ;  the  effect  of  our  exports 
of  coal  on  the  home  supplv,  and  the  time  for  which  that  supply,  especially 
of  the  more  valuable  kinds  of  coal,  will  probably  be  available  to  Britisn 
consumers,  including  the  Royal  Navy,  at  a  cost  which  would  not  be 
detrimental  to  the  general  welfare ;  the  possibility  of  a  reductiou  in  that 
cost,  by  cheaper  transport,  or  by  the  avoidance  of  unnecessary  waste  in 
working,  through  the  adoption  of  better  methods  and  improved  appliances, 
or  through  a  change  in  the  customary  term  and  provisions  of  mineral 
leases  ;  and  whether  the  mining  industry  of  this  country,  under  existing 
conditions,  is  maintaining  its  competitive  power  with  the  coalfields  of 
other  countries.'* 

The  Commission  is  constituted  as  follows : — The  Right  Hon.  W.  L. 
Jackson,  M.P.,  Chairman  ;  Sir  G.  J.  Armytage,  Bart.  ;  Sir  W.  T.  Lewis, 
Bart.,  M.  Inst.  C.  E.  ;  Sir  Lindsay  Wood,  Bart.,  M.  Inst.  C.  E.  ;  Thomas 
Bell,  Esq. ;  William  Brace,  Esq. ;  A.  C.  Briggs,  Esq.  ;  Professor  H.  B. 
Dixon  ;  J.  S.  Dixon,  Esq.  ;  Professor  C.  Le  Neve  Foster,  F.RS.  ; 
Dr.  Edward  Hull,  F.R.S.  ;  Professor  C.  Lapworth,  F.R.S.  ;  J.  P. 
Maclay,  Esq. ;  Arthur  Sopwith,  Esq.  ;  J.  J.  H.  Teall,  Esq.,  F.R.S. ; 
and  Ralph  Young,  Esq. 

The  previous  Royal  Commission  appointed  to  inquire  into  the 
several  matters  relating  to  Coal  in  the  United  Kingdom  held  their 
first  meeting  in  1866  and  reported  in  1871.  In  our  notice  of  their 
General  Report,^  we  referred  to  the  importance  of  settling  the 
question  whether  or  not  there  is  coal  at  a  workable  depth  in  the 
southern  and  south-eastern  portion  of  England,  and  we  thought 
that  the  Government,  while  spending  something  like  £30,000  in 
collecting  evidence,  much  of  it  necessarily  theoretical,  might  have 
spent  a  few  thousand  pounds  in  the  practical  work  of  boring. 
During  the  past  thirty  years  public  and  private  enterprise  have 
done  much  to  prove  the  depth  to  the  Palaeozoic  fioor  in  the  east 
and  south  of  England,  but  we  have  yet  a  good  deal  to  learn  on 
the  subject.  The  discovery  of  Coal-measures  at  Dover  has  been 
most  important,  though  the  extent  of  the  workable  coal  remains 
to  be  proved. 

1  Gbol.  Mao.,  1871,  Vol.  VIII,  p.  617. 
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I.— On  thb  yalue  of  Minebal  Condition   in   determining  the 
Belatiye  Aqe  of  Stone  Implements. 

By  S.  Hazzledine  Warhbx,  F.G.S. 
The  Classification  of  the  Paleolithic  Period. 

THE  common  English  classification  of  the  Palaaolithic  Period  into 
the  epochs  of  the  Kiver-Drift  Men  and  the  Cave  Men  hardly 
conduces  to  clearness  of  thought.  The  implements  of  the  River- 
Drift  men  are  often  found  in  the  caves,  and  those  of  the  Cave  Men 
are  very  common  in  the  river  drifts.  Although  the  caves  and  rock 
shelters  bring  us  down  to  a  later  period  than  is  usually  represented 
in  the  river  drifts  (there  appear  to  be  exceptions  to  this  *),  yet  the 
general  succession  in  the  two  classes  of  deposits  is  the  same,  and 
they  cannot  be  separated. 

Without  accepting  all  the  more  recently  proposed  earlier  epochs,' 
I  should  certainly  extend  the  classification  one  stage  further  back- 
ward in  time-  than  was  originally  done  by  M.  do  Mortillet.'  That 
is  to  say,  1  would  separate  the  derived  implements  from  the  con- 
temporary Chelloo-Acheuleen  implements  of  what  are  commonly 
called  the  'high-level'  river  drifts.  So  far,  I  think,  one  may  be 
fairly  safe.  For  so  far  the  relative  ages  of  the  implements  are  not 
inferred  from  their  types,  but  the  relative  ages  of  the  types,  or 
rather  of  the  series  of  types,  are  inferred  from  their  mineral  con- 
dition and  the  stratigraphical  succession  in  which  they  are  found. 
The  peculiar  types  especially  characteristic  of  one  epoch  are  not 
confined  to  that  epoch,  but  occur  also  in  newer  or  in  older  epochs, 
or  in  both,  as  the  case  may  be.  But  this  fact  does  not  prove  the 
contemporaneity  of  our  supposed  epochs. 

In  all  these  problems  one  has  to  encounter  a  difficult  combination 
of  differences  and  resemblances.     The  implements  of  any  one  place 

'  See.  for  instance,  Philippe  Salmon,  "L'Ape  de  la  Pierre  u  rExpositiou 
rniversielle  tie  1889,"  Paris.  Several  later  Palaeolithic  implements  are  figured  on 
p-  29,  etc.,  collected  by  M.  G.  d'Ault  du  Mesnil  troni  the  "  Quatemaire  moyi.'n, 
asiise  superieure  '*  at  Abbeville.  Note  also  remarks  towards  the  end  of  tlie  present 
paj>€ron  Shrub  Hill,  Feltwcll,  etc. 

•  Some  account  of  these  may  be  found  in  various  papers  by  M.  A.  Rutot  in  the 
Bull.  Soc.  bel^re  Geol.  Bnix.,  1900  and  1901,  vols,  xiv  and  xv." 

^  (x.  de  Mortillet,  "  Classification  des  Diverses  Periodes  de  PAge  do  la  Pierre"  : 
^Djrr.  Inter.  d'Anthrop.  et  d'Archeol.  Prehist.  Bruxelles,  1872,  p.  432.  *'X,e 
^■liistoriqne  Antiquitc'  de  rH(»mme,"  1883,  passim. 
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and  time  can  be  shown  to  have  resemblances,  more  or  less,  with 
those  of  other  places  and  other  times.  It  is  clear,  however,  that 
certain  series  of  implements,  found  in  certain  beds,  and  possessing 
certain  characters,  are  older  or  newer  than  other  series  of  imple- 
ments possessing  different  characters.  But  the  fact  that  even  the 
most  highly  specialized  types  are  seldom  absolutely  confined  to 
one  epoch,  shows  that  great  caution  must  be  exercised  in  drawing 
conclusions  in  the  inverse  order. 

For  convenience  of  reference  I  give  the  following  modification  of 
M.  de  Mortillet*s  scheme  of  classification,  which,  it  seems  to  me, 
best  expresses  the  relationships  of  the  various  epochs,  and  which 
I  shall  ose  in  the  course  of  this  paper. 

TABLE   OF   THE   DIVISIONS    OF  THE   PREHISTORIC   AGE. 


Periods. 


w 

H 

o 


P4 


o 

o 

H 

•A 

n4 


Epochs  with  Type  Stations  or  Examples. 


Prehistoric  Age  of  Metal. 

Prehistoric  Iron  Age.  T.S.  :  LaT^no  (Palatitte), 

Lake  Xcuchatel 

Presumed  Transition  Phase.     T.S. :    Hallstadt 

(cemetery),  Austria        

Later  Bronze  Age.     Ex.:  **  La  grande  Cit^" 

(Palafitte),  Bay  of  Merges,  Lake  Geneva 
Early  Bronze  Age,  or  Transition  Epoch.     Ex. : 

Palafitte   of  Roseaux,  Bay   of  Morges,  Lake 

V^OUC  V  lit  •••  «••  *••  •••  ••«  ■•• 

Neolithic  Age. 

Phase  in  which  metal  (copper  and  hronze)  was 
known,  but  extremely  scarce  and  little  used. 
T.S. :  Palafitte  of  Robenhausen  

Presumed  Earlier  Phase,  metal  quite  unknown. 
Ex.  :  the  station  of  Campigny  (Seine - 
Inf^ricure)  ;  also  Cissbury  (Sussex)  and  the 
Kjokkenmodding  of  Denmark  (?)        


Later  Palaolithic  Age. 

Magdalenien  Epoch.    T.S. :    rock  shelter  of  La 

Madelaine  (Dordogne) 

Solutrccn      Epoch.      T  S.  :      "  Le     Clos     du 

Charnier,"  at  Solutre  (Sa6ne-et-Loire) 

Middle  PalaoUfhic  Age. 

Moust^rien     Epoch.     T.S. :    cave    of    Moustier 

(Dordogne) 
Acheulden    Epoch.       T.S.  :     the    contemporary 
implements  of  the  middle  beds  of  the  drift  of 
Samt-Achcul  (Sorame) 

Earlier  Palfcolifhic  Age. 

?[Chelleen  Epoch.  T.S.  :  the  earlier  drift  of 
Chelles  ( Seine -et-Mame).]        

The  earliest  known  phase  of  the  Palaeolithic 
Period.  T.S.  :  the  drifted  Pahcolithic  (not 
*  Eolithic ')  implements  of  the  Plateau 
Drift  of  Kent.  (Appears  to  cover  a  long 
period  and  may  be  capable  of  subdivision.) 


Sbqubncb 
Dates. 


N.  90 
X.  80 
N.  70 

N.  60 


N.  50 


N.  30 


P.  90 
P.  80 

P.  70 
P.  60 

[P.  50] 


P.  30-40 
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In  this  table  I  have  ventured  to  give  *  sequence  dates '  to  the 
epochs,  after  the  system  that  has  been  used  by  Professor  Flinders 
Petrie.^  I  have  not  attempted,  however,  to  give  a  similar  value  to 
each  unit  of  the  scale,  other  than  that  suggested  on  taking  a  general 
view  of  the  stratigraphical  successions  in  various  districts. 

In  doing  practical  work  one  finds  at  every  turn  the  advantage  of 
these  '  sequence  dates  '  over  a  system  of  epochs  alone.  Where  the 
epoch  of  implements  is  but  ill-defined,  which  is  very  often  the  case, 
these  '  sequence  dates  '  are  of  especial  value.  Instead  of  speaking 
of  implements  as  Acheuleen,  which  may  be  far  from  contemporary 
with  those  properly  belonging  to  that  epoch,  one  can  assign  them  as 
8.d.  P.  50-70,  or  whatever  it  may  be — just  so  much  as  can  safely  be 
made  ont. 

I  have  queried  the  Ohelleen  Epoch,  as  a  matter  of  doubt.  What 
one  might  call  the  typical  river-drift  implements  were  originally 
called  Acheuleen.  Subsequently  M.  de  Mortillet^  thought  that  they 
showed  evidence,  at  Saint- Acheul  and  elsewhere,  of  a  transition  to 
the  Mousterien,  and  proposed  that  they  should  be  called  Ohelleen, 
the  Acheuleen  being  considered  intermediate.  Other  workers,  as 
M.  G.  d'Ault  du  Mesnil,'  have  considered  the  Ohelleen  and 
Acheuleen  to  be  worthy  of  separation  into  two  distinct  periods. 
]f.  A.  Rutot,^  again,  looks  upon  the  Ohelleen  as  a  phase  of  transition 
between  the  earlier  *  Mesvinien '  and  the  Acheuleen.  The  point 
has  not  been  satisfactorily  cleared  up,  but  there  is  evidently  a  gap 
between  the  Earlier  Palaeolithic  (P.  30-40)  and  the  Acheuleen 
(P.  60),  and,  in  addition,  there  seems  in  some  localities  to  be 
a  series  that  is  of  intermediate  age.  But  whether  these  apparently 
intermediate  forms  at  P.  40-60  are  really  to  be  correlated  with 
the  Ohelleen  of  Ohelles  I  am  not  prepared  to  say.  In  using 
'sequence  dates'  one  need  not  debate  the  point.  Until  further 
exact  work  has  cleared  the  matter  up,  it  is  more  prudent  to  give 
thera  a  sufficiently  wide  range  to  be  safe  in  any  event.  In  the 
table  1  have  suggested  P.  50  for  the  Ohelleen,  should  that  be  found 
to  be  satisfactory,  but  for  the  present  it  is  better  to  class  both  these 
and  all  other  similar  series  at  P.  40-60,  and  narrow  the  range 
down,  at  one  end  or  the  other,  as  evidence  accumulates. 

Local  details,  wherever  these  are  obtainable,  may  be  written  thus : 
X.  40-60,  1.  30-45,  that  is  to  say,  there  are  a  series  of  relics  from 
some  locality  coming  coiTelatively  (but  not  necessarily  contem- 
poraneously) into  the  general  scale  at  N.  40-60,  of  which  the 
particular  object  or  type  classed  comes  into  the  local  scale  at  30-45. 
Or  these  formulas  may  be  written  in  the  form  of  fractions  or 
^iecimals,  as  may  be  most  convenient  for  the  work  in  hand. 
There  are  many  more  points  on  which  one  might  say  much,  but 

1  think  that  what  I  have  said  is  sufficient  for  my  present  purpose, 

^I  will  pass  on  to  consider  the  question  of  the  value  of  the  mineral 

condition  of  stone  implements  as  a  test  of  their  relative  age. 

'  Journ.  Anthrop.  Inst.,  1899,  vol.  xxix,  pp.  29.5-301. 

^  **  Le  Prehist.  Antiq.,"  ot^.,  1883,  p.  133  et  seq. 

^  Philippe  Salmon  :   "  hWge  de  hi  Pierre,"  etc.,  1889,  p.  \1 . 

*  Bull.  Soe.  hclge  GeoL  Bmx.,  1900,  vol.  xiv,  p.  32G. 
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The  Mineral  Condition  of  Stone  Ibiple»ients. 

Every  collector  is  familiar  with  the  great  variety  in  mineral 
condition  presented  by  stone  implements,  according  to  the  accidents 
of  their  preservation.  Palaeolithic  implements  are  quite  as  often 
found  unabraded,  unaltered,  or  whitened  in  condition  as  they  are 
abraded  or  with  an  ochreous  patina.  And,  on  the  other  hand. 
Neolithic  implements  are  not  only  found  unaltered  or  whitened,  but 
occasionally  also  ochreous,  especially  where  they  were  made  of 
flint  that  previously  had  an  ochreous  patina.  More  than  this :  as  an 
implement  lay  flat  in  a  gravel  bed,  or  whatever  it  might  be,  the 
upper  surface  is  often  in  quite  a  different  condition  from  the  lower. 
Or,  with  an  implement  broken  in  early  times,  it  is  occasionally 
found  that  the  two  or  more  pieces,  though  fitting  together  accurately, 
are  yet  each  in  a  different  condition.  It  must  be  emphatically 
stated,  then,  that  when  implements  are  merely  viewed  in  the  trays 
of  a  cabinet,  mineral  condition  is  no  test  of  age.  It  is  equally 
notorious  that  rudeness  of  workmanship  in  individual  specimens  is 
no  indication  of  antiquity.  Very  rude  stone  implements  were  made, 
not  only  during  the  Neolithic  Period,  but  even,  apparently,  after  the 
introduction  of  metal.  From  these  causes  the  subject  has  fallen 
into  discredit  with  many  of  our  more  cautions  geologists.  It  has 
been  too  hastily  assumed  that  the  same  is  the  case  no  matter  what 
the  circumstances  may  be  under  which  they  were  found  in  the  field. 

With  regard  to  rudeness  of  workmanship  being  no  indication  of 
antiquity,  one  might  say  more.  The  evolution  of  implements  of 
certain  types  not  only  passes  through  successive  phases  of  advance- 
ment, but  also  to  this  development  there  may  succeed  a  degradation 
of  form  ;  probably,  in  most  oases,  through  the  introduction  of  some 
better  material  to  supply  the  same  needs.  Professor  Flinders  Petiie  ^ 
believes  this  to  have  been  the  case  with  the  beautiful  flint  knives  of 
Egypt.  In  the  prehistoric  graves  he  traces  a  certain  succession 
(N.  40-56,  1.  30-80),  and  finds  that  the  curved  knives  with  ripple 
flaking  were  developed  at  N.  40-55,  1.  57,  from  a  similar  form  made 
previously  by  irregular  flaking.  But  these  beautiful  flat,  ripple- 
flaked,  knives  only  continued  in  use  to  N.  40-55, 1.  65,  after  which 
time  there  was  a  recrudescence  to  the  earlier  style,  and  this  con- 
tinued in  use  into  the  early  historic  times. 

One  sees  a  similar  phenomenon,  on  a  larger  scale,  during  the 
Palsaolithic  Period.  The  development  of  the  flint- working  industry 
may  be  traced  ^  up  through  the  Chelloo-Acheuleen  and  the  Mousterien, 
until  it  reaches  its  highest  excellence  and  skill  in  the  Solutreeu. 
But  towards  the  end  of  that  epoch  the  bone  industry  began  to 
assume  greater  importance,  until  in  the  Magdalcnieu  it  attained 
an  extraordinary  development,  while  the  flint  industry  fell  com- 
paratively into  decay. 

In  September,  1900,  I  described  in  this  Magazine  a  Palaeolithic 
drift  on  High  Down,  in  the  Isle  of  Wight,  and  suggested  that  the 

*  Journ.  Anthrop.  Iu4.,  1899.  vol.  xxix,  pi.  xsxiii. 

'  G.  ih  Mortillet:  *♦  Le  Prchist.  Antiq.,*'  etc.,  188:i,  pp.  3.>6-367. 
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implements  probably  belonged  to  two  distinct,  epocbs.  At  about 
eighteen  inches  from  the  surface  in  this  clay  drift  there  was  what 
1  called  a  "layer  of  stones."  On  sorting  out 'Vne  flints  (both 
worked  and  nnworked)  from  this  layer  of  stones^  ar^cording  to 
their  mineral  condition,  I  found  that  they  fell  into  the  following 
classes  : —  *    •' 

A.  Abraded  and  corroded ;  with  a  deep  brown  patina.  ^  • '  • 

B.  Much  corroded  and  abraded;  whitened  over  an  earlier  ochreous  .staining. 

M  ot  ver)'  abundant.  ,  • 

C.  Somewhat  abraded ;  commonly  mottled  with  white  over  a  slight  odiureous 

staining  (red  more  often  than  brown  or  yellow) ;    the  whole  patica  \aTy 
superficial.  •    - 

D.  Unabraded  ;  practically  unaltered  in  condition.  •..  ' 
£.  Unabraded  flint  nodules  and  fragments ;    more  or  less  bleached  white... 

Implements  rare  in  this  condition. 

Leaving  class  C  out  of  account  for  the  moment.  I  will  proceed  to 
show  that  while  A  and  B  are  derived  from  an  earlier  drift,  D  and 
E  are  contemporary,  or  nearly  so,  with  the  deposit  in  which  they 
were  embedded.  One  might  hazard  a  guess  that  A  and  B  were 
older  than  D  and  E,  simply  from  the  fact  of  their  being  abraded, 
corroded,  and  ochreous  in  condition,  but  a  more  careful  examination 
shows  the  evidence  to  be  far  stronger  than  this  alone  would  be. 

Many  of  the  flints  in  condition  A  and  B  are  found  to  be  broken 
across,  the  later  fractures  beiug  in  condition  D  or  E.  These 
specimens,  showing  fractures  of  twd  dififerent  ages,  are  clearly 
defined  from  those  which  show  a  dififerent  condition  on  their  two 
surfaces  through  some  accident  of  preservation.  Firstly,  the  later 
fractures  in  the  former  case  very  rarely  occupy  exactly  one  surface 
of  the  flint.  Sometimes  the  newer  fractures  are  a  mere  chip  on  the 
edge,  sometimes  it  is  a  corner  of  the  flint  that  has  been  knocked  ofiF, 
or  sometimes  the  flint  has  been  broken  up  and  only  a  very  small 
surface  in  the  earlier  condition  remains.  Secondly,  these  later 
fractures  show  all  round  their  edges  a  clear  section  of  the  earlier 
deep  patina  of  the  flint :  this  is  the  absolute  distinction  between  them. 
Under  these  conditions,  whatever  value  the  difference  in  age  may 
have,  it  is  demonstrable  that  the  deeper  patina  is  geologically  older 
than  the  later  fracture  which  crosses  it,  though  this  later  fracture 
may  also  be  of  geological  antiquity.  Mr.  Worthington  G.  Smith  * 
has  figured  and  described  ochreous  abraded  implements  showing 
later  fractures  on  their  edges,  and  strongly  insisted  on  this  proof  of 
their  greater  antiquity. 

It  is,  after  all,  only  applying  the  well-known,  and  fully  admitted, 
principle  in  stratigraphy,  of  discriminating  between  contemporary 
and  remanie  fossils,  to  the  similar  problems  presented  by  flint 
implements.  But,  undoubtedly,  caution  and  judgment  must  be 
exercised  in  applying  the  principle.  Differences  of  condition,  of  the 
•^ind  that  have  been  pointed  out,  prove  diflferences  of  age,  but  they 
"0  not  immediately  prove  that  every  diflference  in  age  belongs  to 

1  "Man  the  Primeval  Savage,"  1894,  p.  216. 
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a  distinct  epoch*  or. Qtage  of  human  culture.  Nor  does  the  condition 
of  the  flints,  l^  itself,  show  to  which  phase  they  should  be  referred. 
In  the  "  &iV.tte  du  Placard "  (Charente)  ^  there  are  eight  relic 
beds,  each/S^paVated  by  an  accumulation  of  rook  d6bri8,  and  yet 
these  can  oi^y  be  referred  to  four  of  the  epochs.  The  lowest  bed  is 
Mousterifi»..(P.  66-76),  the  next  two  Solutr^en  (P.  75-86,  1.  80; 
and,  saT}*l>60or  60),  the  succeeding  four  Magdalenien  (P.  85-95, 
1.  30,  i,  4C,  I.  50,  and  1.  60),  and  the  uppermost  Neolithic* 

.Turning  again  to  the  High  Down  Drift  of  the  Isle  of  Wight :  in 
my'^earlier  work  here  I  was  rather  puzzled  with  the  implements 
from/ the  ''layer  of  stones"  already  mentioned.  Some  of  them, 
•*£heise  of  classes  A  and  6,  were  clearly  derived.  Others,  those  of 
I  "•cihuss  D,  were  as  clearly  contemporary ;  and,  as  I  afterwards  found, 
*  *8ome  of  the  flakes  were  lying  close  to  the  cores  from  which  they  had 
**.y  *been  struck  off,  several  of  which  I  have  been  able  to  replace.  Bat 
-./  a  certain  number  of  the  implements,  those  of  class  C,  were  not 
quite  in  accordance  with  either  of  the  foregoing  classes.  These 
were  somewhat  ochreous  for  the  most  part;  they  seemed  to  be 
derived,  and  yet  they  were  not  much  abraded,  and  not  in  the  least 
corroded  or  deeply  altered  as  those  of  classes  A  and  B.  They  seemed 
to  be  intermediate  between  the  two  extreme  forms,  and  yet,  having 
in  mind  at  that  time  rather  an  idea  of  '  epochs '  than  the  idea  of 
'  sequence  dates,'  I  hesitated  to  refer  them  to  an  intermediate  age. 
But  that  they  are  of  intermediate  age  I  have  now  no  doubt,  and  last 
Summer  I  found  a  broken  pointed  implement  that  went  far  to  con- 
firm my  opinion.  A  portion  of  the  butt  of  this  specimen  shows 
a  natural  fracture  in  the  earliest,  corroded,  condition.  This  is  out 
across  by  the  working  of  the  implement.  The  worked  surface, 
though  it  shows  a  section  of  the  earlier  patina,  is  itself  a  little 
abraded  and  slightly  altered;  the  point  of  the  implement  being 
broken  off  by  what,  if  I  am  not  mistaken,  is  a  still  later  fracture, 
contemporary  with  the  unaltered  implements.  Thus,  in  addition  to 
the  numerous  implements,  and  still  more  numerous  unworked  flints, 
which  show  two  out  of  the  three  main  conditions,  I  at  last  found  all 
these  conditions,  marked  off  from  each  other,  upon  the  same 
implement. 

If  my  conclusions  are  sound,  then,  and  the  implements  of  class  C 
are  derived,  those  of  classes  A  and  B  must  be  twice  derived.  It 
would  be  exceedingly  difficult  to  show  from  the  specimens  them- 
selves that  the  brown  corroded  flints  of  class  A  had  been  twice 
derived,  but  an  examination  of  those  of  class  B  brings  to  light 
certain  facts  that  point  in  that  direction.  Among  these  (class  B) 
there  is  a  rude  outer  flake  with  large  haillure.  The  surface  of  this 
is  much  corroded  and  abraded,  and  shows  the  white  patina  caused 
by   weathering.      Beneath  this   whitening  there  is   seen,   on   the 

'  A.  de  Maret :  "  Fouilles  de  la  grotte  du  Placard,  pr^s  de  Rochbertier*' ;  Tours, 
1879.     G.  de  Mortillet :   "  Mus^e  Pr^hifltorique,"  1881,  pi.  xxix. 

'  Professor  Flinders  Petric  begins  his  local  scale  at  30,  in  order  to  allow  for 
future  discoyeries,  and  it  is  as  well  to  carry  out  that  system  uniformly,  whereyer 
it  may  be  possible  to  do  so. 
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broken  edges,  an  earlier  oohreous  staining.  All  round  the  edges 
there  are  abrasions  which  are  later  than  the  whitening,  these 
later  abrasions  being  in  condition  B.  Thus  we  see  that  this  flake 
lay  for  a  long  period  on  the  surface,  exposed  to  the  influences  of  the 
atmosphere,  between  the  time  of  an  earlier  oohreous  staining  (almost 
certainly  preceded  by  abrasion)  and  a  later  abrasion.  It  seems  most 
probable  that  when  these  flints  of  class  B  were  washed  out  of  their 
early  drift  and  exposed  on  the  surface,  those  of  class  A  were  also 
washed  out  of  that  first  drift  and  embedded  in  a  second,  to  be 
again  re-drifted  and  buried  together  in  the  present  drift,  mingled 
with  contemporary  implements.  The  later  abrasions  of  class  B  are 
very  possibly  contemporary  with  the  implements  of  class  C,  but 
1  do  not  like  to  force  the  evidence  too  far.  What  has  been  said 
is  enough  to  show  what  a  long  history  of  successive  abrasions  these 
early  implements  have  suffered ;  and  further,  by  careful  attention 
to  their  condition,  that  it  is  possible,  in  some  measure  at  least,  to 
read  what  that  history  has  been. 

I  should  hesitate,  from  the  material  at  my  disposal,  to  class  either 
of  these  three  ages  as  of  either  Acheuleen  or  Mousterien  or  of  any 
other  epoch.  But  by  an  examination  of  their  style  of  workmanship 
and  their  types,  one  can  easily  fix  their  position,  within  certain 
broad  limits,  in  the  '  sequence  date '  scale.  The  rude  ovate  and 
other  implements  of  the  oldest  series  fall  into  the  scale  at  P.  80-45 ; 
the  next  series  at  P.  45-65  ;  while  the  latest  implements  consist  of 
the  waste  product  of  a  workshop,  spalls,  cores,  and  *  wasters  *  or 
ebaueheSf  from  which  little  can  safely  be  inferred.  They  seem 
to  come  in  at  P.  65-80,  but  as  tliey  are  ill-defined  it  is  better  to 
class  them  as  P.  60-99. 

It  may  be  worth  while  to  mention,  in  passing,  that  calcined  flints 
are  not  uncommon  in  this  layer  of  stones.  There  can  be  no  doubt 
that  these  were  burnt  by  the  fires  lighted  by  the  Palaeolithic  men 
who  made  the  latest  of  these  implements. 

In  another  layer  of  stones,*  above  the  one  I  have  been  dealing 
with,  there  are  other  implements.  The  number  I  have  is  not 
very  large,  but  they  include  :  ochreous,  abraded,  derived  forms, 
apparently  about  P.  30-50  ;  ochreous,  almost  unabraded  implements 
of  skilful  workmanship,  evidently  drifted,  but  from  no  great 
distance,  apparently  P.  60-70 ;  together  with  a  few  flakes  and  cores, 
contemporary  (quite  unabraded)  and  whitened  in  condition,  which 
may  very  probably  be  Palseolithic,  but  about  whose  exact  position 
ill  the  drift  I  am  uncertain.  At  present,  at  least,  they  are  of  no 
particular  interest. 

It  sometimes  happens  that  an  implement  not  only  shows  later 
accidental  fractures  which  are  contemporary  with  another  series  of 
implements,  but  even  a  later  working.  These  re-worked  examples 
bave  been  recorded  by  many  observers,  and  I  have  a  good  example 
from  Santon  Downham,  Suffolk,  near  Thetford,  to  which  locality 
1  shall  refer  again  towards  the  end  of  this  paper. 

Flints   may    become   chipped,    through    movements   of  the   soil, 

*  Geol.  Mao.,  September,  1900,  p.  407. 
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while  they  lie  in  place  in  their  beds,  and  these  chips  will  then  be  no 
evidence  of  derivation.  This  possibility  of  error  must  be  carefully 
guarded  against.  Chipping  produced  in  this  way  has,  in  general, 
certain  characters  by  which  it  may  be  distinguished,  as  I  hope  to 
show  very  shortly.  And,  in  addition,  if  these  chips  were  made  in 
the  bed  in  which  the  flint  lay  up  to  the  time  it  was  discovered,  they 
will  not  be  abraded  and  water- worn  as  they  are  when  the  flint  is 
truly  derived. 

To  satisfy  the  requirements  of  clear  proof,  these  contemporary 
and  derived  implements  must  have  been  buried  together  in  a  bed  of 
proved  age.  With  regard  to  PalsBolithic  implements  found  on  the 
surface  of  the  ground,  little  can  be  inferred  as  to  their  relative  age ; 
except,  more  or  less  doubtfully  according  to  circumstances,  by 
a  comparison  of  their  types  with  those  where  stratigraphical  evidence 
is  obtainable.  The  evidence  of  later  fractures  on  patinated  flints  is 
obviously  inapplicable  to  implements  found  on  the  surface,  for  the 
age  of  these  later  fractures  cannot  be  ascertained,  except,  perhaps, 
in  cases  of  re-working.  But  where  a  variety  of  implements  are 
found  together  on  the  surface,  and  the  deeply  patinated  forms  are 
uniformly  of  Palsdolithic  type,  while  those  not  so  patinated  are  of 
Neolithic  type,  I  think  one  may  be  perfectly  safe  in  referring  the 
former  to  some  part  of  the  Palseolithio  Period. 

Sir  Henry  Howortb,^  in  a  recent  number  of  this  Magazine,  has 
referred  to  Dr.  H.  0.  Forbes'^  unfavourable  conclusions  as  to  the 
presumed  Palaaolithic  age  of  certain  Egyptian  implements.  But  one 
cannot  feel  assured  that  the  ehauches  or  '  wasters '  of  the  com- 
paratively recent  flint  workshops,  even  though  some  of  them  are  of 
Palasolithic  form  and  much  patinated,  are  really  the  same  as  the 
presumed  PalsBolithic  implements  spread  over  the  surface  of  the 
desert.  Such  old  forms  occur  also  in  company  with  Neolithic 
remains  in  England.  One  can  only  judge  the  age  of  surface 
implements  by  the  facies  of  a  considerable  number  that  appear  to 
be  in  undoubted  association  with  each  other.  And  so  far  as  one  may 
judge  from  the  accounts  of  those  who  have  collected  in  the  district, 
the  general  facies  of  the  implements  in  dispute  is  pretty  clearly 
Palseolithic. 

The  Evidence  op  Mineral  Condition  applied  to  the 

RiVEK  Drifts. 

Almost  everywhere  where  Paleeolithic  implements  have  been 
collected  with  sufficient  care,  stratigraphical  evidence,  in  one  form 
or  another,  is  forthcoming  to  indicate  differences  in  age  and  a  certain 
definite  succession. 

If  we  turn  to  the  so-called  high-level  gravels  of  our  river  valleys, 
we  find,  for  instance,  at  Stoke  Newington  : '  a  derived  series,  often, 
but  not  always,  with  an  ochreous  patina  (P.  30-40)  ;  a  series 
abraded   to   some   extent,    but   not   derived    (P.    55-60) ;    and   an 

'  Gbol.  Mao.,  August,  1901,  pp.  337-344. 

*  Bull.  Liverpool  Museums,  1900,  vol.  ii,  pp.  77-115  ;    1901,  vol.  iii,  pp.  48-61. 

3  Worthington  G.  Smith  :  **  Man  the  Primeval  Savage,"  1894,  p.  189  et  seq. 
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anabraded  cod  temporary  series  (P.  65-75),  confined  to  a  definite 
horizon  (the  '  Palseolitbio  Floor '),  above  that  of  the  earlier 
implements.  Thus  we  see  that  at  the  time  P.  65-75  the 
implements  of  P.  30-40  held  very  much  the  same  position  in 
those  river  gravels  which  Palaeolithic  implements  generally  hold  in 
onr  modem  river  gravels;  while  the  intermediate  series  (P.  55-60) 
were  being  rolled  about  in  the  bed  of  the  river,  then  swifter  and 
broader  than  at  present,  just  as  Neolithic  implements  are  lying  in 
the  beds  of  our  rivers  to-day. 

At  the  *  high-level  terrace  '  of  Saint- Acbeul,  near  Amiens, 
again,  we  find :  a  derived  series  (P.  30-50,  probably  P.  30-40) ; 
perhaps  an  early  contemporary  series  at  the  base  of  the  deposit 
(?  P.  40-55) ;  an  unabraded  and  contemporary  series  in  the  middle 
beds  (P.  60) ;  while  another  contemporary  unabraded  series  occurs 
in  the  briokearth  above  (P.  65-75).  There  are  also  others  (P.  60-80) 
in  the  lower  drifts  of  Menchecourt,  etc.,  and,  as  already  mentioned, 
perhaps  still  later  forms  (?  P.  75-90)  in  the  later  brickearths. 

I  will  refer  to  only  one  other  district — one  where  the  phenomena 
are  widely  different  from  either  Stoke  Newington  or  Saint- Aoheul — 
and  that  is  the  country  around  Thetford  and  MildenhalL'     Here 
there  is,  first,  the  high-level  terrace  of  Brandon  Down  and  Laken- 
heath,  which  is  unconnected  with  the  present  river  system.     These 
gravels  yield  implements  (P.  30-50)  which  often  seem  to  have  been 
derived  from  the  surface  soil  of  the  period  rather  than  from  an 
earlier  drift,  together  with  contemporary  forms  (P.  o0-65).     Below 
these  high-level  gravels  there  are,   in    tlie   present  valleys  of  the 
Little   Ouse    and    the   Lark,    the    deposits    of   High    Lodge,    near 
Mildenhall,  and   Santoii   Downham,    near   Thotford,   yielding  con- 
temporary implements  (P.  6o-7o)  ;    while  at  various  levels  below 
these,  in  the  same  valleys,  there  are  the  gravels  of  Warren  Hill, 
near  Mildenhall,  Redhill,  near  Thetford,  Shrub  Hill,  in  the  parish 
of  Feltwell,    and   other    places,  containing   a    mixture    of  derived 
implements  of  various  ages    (P.   30-75),  together  with  a   certain 
proportion  of  contemporary  implements  (P.  75-99),  especially  at 
Shrub   Hill.     Some    of   these    last    implements    are   of   the   usual 
Palaeolithic   types,    some   remind    one    of  the    ruder   forms   of  the 
Xeolithic    Period,    while    others    are    almost    counterparts   of  the 
surface  implements,  of  somewhat  uncertain  age,  from  the  Plateau 
"f  Leugny  (Vienne)  and  other  places  in  Poitou  and  Brittany. 

Conclusion. 

,  Although  it  is  perfectly  true  that  no  conclusions  can  be  drawn 
either  from  mere  rudeness  of  workmanship  in  individual  specimens, 
or  from  a  few  implements  chancing  to  have,  or  not  to  have,  an 
oclireous  patina,  yet  I  am  confident  that  it  is  from  such  evidence 
^  is  indicated  in  this  paper,  that  the  more  detailed  history  of 
early  man  must  be  read. 

'  The  best  general  account  of  this  district  is  to  bo  found  in  Sir  John  Evans' 
"'Wient  Stone  Implements,"  1897,  2nd  ed.,  pp.  54:i-572. 
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II. — On  an  Alveoli sA-himiLWioviL  and  Nummulitio  Limestones 

FROM  Egypt. 

By  Frederick  Chapman,  A.L.S.,  F.R.M.S. 

Part  IL 

(PLATES  IV  AND  V.) 

FORAMINIFERA. 
MILIOLINA,  Williamson  [1868]. 

MiLiOLiNA  inflata  (d'Orbignj). 

Triloculina  inflata^  d'Orbigny,  1846  :    Foram.   Fobs.   Vienne,   p.   278,   pi.   irii^ 
figs.  13-16. 

This  species  is  fairly  oommon  in  the  ilZodoZtna-limestone  of  the 
present  series,  occurring  both  in  the  powdered  rock  and  in  thin 
sections.  For  the  previous  occurrences  of  the  species  in  Egypt  see 
Gbol.  Mag.,  1900,  p.  7. 

Nos.  3,3356  and  c.     Farafra  Oasis :  Libyan  Series. 

MiLioLiNA  trigonula  (Lam.). 

M.  trigonula  (Lam.),  Schwager,  1883  :    Falteontograpbica,  vol.  xxx,  Pal.  Theil^ 
p.  86,  pi.  xxiy  (i),  figs.  ^a-d.     Chapman,  1900 :  Geol.  Mao.,  p.  6. 

A  single  specimen,  rather  quinqueloculine  than   trigonuline  in 
contour,  was  isolated  from  the  ^/oeo/ina-limestone. 
No.  3,3356.     Farafra  Oasis  :  Libyan  Series. 

ALVEOLINA,  d'Orbigny  [1826]. 

Alveolina  ellipsoidalis,  Schwager. 

Schwager,  1883  :    Palajontographica,  vol.  xxx,   Pal.  Theil,  p.  96,   pi.   ixv  (ii), 
figs,  lo-i,  Ith-c,    Chapmau,  1900:  Geol.  Mao.,  p.  8. 

This  species  was  described  by  Schwager  from  Dr.  Schweinfurth's 
specimens  which  the  latter  obtained  from  Wadi  Natfe.  It  has  also 
been  found  by  the  writer  in  Patellina  -  limestone  from  a  loocdity 
between  Cairo  and  Suez.  This  present  occurrence  seems  to  support 
the  idea  which  Blanckenhorn  has  already  advanced,'  that  the  rock 
which  yielded  Patellina  is  of  earlier  date  than  Miocene,  to  which  it 
was  thought  referable,  though  with  some  reservation.  In  the 
present  series  A,  ellipsoidalis  is  somewhat  rare. 

Farafra  Oasis.     Nos.  3,3356  and  c.     Libyan  Series. 

Alveolina  deoipiens,  Schwager. 

Schwager,   1883 :    Palajontographica,  vol.  xxx,  Pal.  Theil,  p.  103,  pi.  xxvi  (iii), 
figs.  \a-k. 

This  form  is  easily  recognized  among  the   separated  specimens 
by  its  large  size.     In  shape  it  is  ellipsoidal,  but  with  blunt  ends. 
Internally  it  is  distinguished  from  A.  paaticillata  by  the  shape  of 
the  septal  canals. 

Frequent.     Specimens  3,3356   and   c.     Farafra  Oasis  :    Libyat^ 
Series. 

^  Zeitschr.  deutsch.  geol.  Gesellsch.,  1900,  p.  431. 
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Alteolina  dxcipikns,  var.  doliouformis,  Schwager. 

Schwager,  1883:    Palieontographica,   vol.  xxx,  Pal.  Theil,  p.  103,  pi.  xxv  (ii), 
figs.  7a-y. 

A  few  isolated  specimens  of  this  variety  were  noted  among  the 
other  Ahedina.     It  has  the  test  sunken  in  the  umbilical  centres. 
Specimens  3,3356  and  c.     Farafra  Oasis  :   Libyan  Series. 

Alveolina  pasticillata,  Schwager. 

Sehwager,  1883:    FaluK>ntographica,  vol.  xxx,  Pal.  Theil,  p.  104,  pi.  xivi  (ill), 
fig9.  2a-h. 

This  rotund  species  is  by  far  the  commonest  in  our  collection 
of  AlveoUncB,  It  was  previously  recorded  from  Wadi  Natfe,  Nekeb-el- 
Famdj,  and  El-Guss- Abu-Said,  by  Schwager. 

Very  abundant  Specimens  3,3356  and  c.  Farafra  Oasis : 
Libyan  Series. 

PLACOPSILINA,  d'Orbigny  [1850]. 

Plaoopsilina  cenomama,  d'Orbigny.     (PL  V,  Fig.  4.) 

D'Orbigny,  1850  :  Prodrome  Paleont.,  vol.  ii,  i).  185,  No.  768.    Brady,  1884  :  Rep. 
Cball.,  vol.  ix,  p.  315,  pi.  xxxvi,  ngs.  1-3. 

The  occurrence  of  the  present  specimen  is  of  considerable  interest, 
since  the  species  has  never  been  recorded  from  Tertiary  beds, 
although  it  is  a  well-known  form  in  deposits  of  Cretaceous  age 
as  well  as  those  of  recent  date. 

One  small  but  perfect  specimen,  attached  to  a  shell -fragment. 
Specimen  3,3356.     Farafra  Oasis  :   Libyan  Series. 

TEXTULARIA,  Defranoe  [1824]. 
Textularia,  sp.  near  gbamen,  d'Orbigny. 
T.  ffroMen,  d'Orb.,  1846 :  Forum.  Fosfi.  Vienne,  p.  248,  pi.  xv,  figs.  40. 

This  genus  is  here  represented  by  a  single  specimen,  seen  in  section, 
from  the  limestone  of  the  Baharia  Oasis.  Its  outline  is  like  that 
of  T.  gramen,  but  we  cannot  be  quite  certain  of  the  species,  since 
no  other  sections  were  seen,  nor  specimens  isolated  from  the  rock. 
None  of  the  examples  of  Flecanium  figured  by  Schwager  quite  match 
oor  specimen. 

No.  l,480g.  Plateau  west  of  Baharia  Oasis :  Lower  Mokattam 
Series. 

VALVULINA,  d'Orbigny  [1826]. 

Valvulina  ScnwAGERi,  sp.  nov.     (PI.  V,  Figs.  5a-d,) 

(^vuhita  sp.,  Schwager,  1883 :  Pala)ontograpliica,  vol.  xxx,  Pal.  Theil,  pi.  xxvi  (ill), 
figs.  19(1,  b. 

Test  triserial,  triangular  in  outline,  consisting  of  about  five  series 
of  chambers  arranged  as  in  Vet-neuiUna.  The  angles  of  the  test 
slightly  rounded,  the  faces  slightly  concave.  Aperture  valvuline, 
>66a  more  distinctly  in  section  than  in  the  isolated  specimens, 
length,  1*1  mm. ;  greatest  breadth,  '8  mm. 

This  form  has  alrefiwiy  been  figured  by  Schwager  and  referred  to 
^  Clavtdina  sp.,  but  no  specific  name  was  assigned  to  it. 
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The  seotions  of  this  spedes  are  numeroiu  in  the  thin  slices  of  the 
Farafra  limestone.  It  was  from  this  particular  rock  that  Schwager 
obtained  his  examples. 

Specimens  3,3356  and  c.     Farafra  Oasis  :   Libyan  Series. 

BULIMINA,  d'Orbigny  [1826]. 

BuLiMiNA  KLEGANTissiMA,  d'Orb.,  var.  8EMINUOA,  Tcrqucm. 

(PI.  V,  Figs.  5a,  6.) 

Bulimna  wmintidaf  Terqaem,  1882  :    Mem.  Soc.  g6ol.  France,  ser.  lu,  vol.  ii, 

M6m.  iii,  p.  117,  pi.  xii,  fig.  21. 
B.  elegantiMima,  d'Oro.,  var.  teminuda,  Tcrquem,  Brady,  1884  :  Rep.  Chall.,  vol.  ix, 

p.  403,  pi.  L,  figs.  23,  24. 

Terquem's  specimens  came  from  the  Eocene  of  the  Paris  Basin. 
The  recent  examples  are  most  typical  from  shallow  water. 

This  species  is  represented  in  the  series  now  described  by  a  single 
example,  slightly  more  crispate  in  form,  but  otherwise  typical. 
This  is  its  first  occurrence  in  the  Egyptian  Eocene. 

No.  3,3356.     Farafra  Oasis  :   Libyan  Series. 

Globioerina  bulloides,  d'Orbigny. 

D'Orbigny,  1826 :  Ann.  Sci.  Xat.,  vol.  vii.  p.  277,  No.  1 ;  Modules,  Nos.  17  and  76. 
Schwager,  1883  :  Palecontographica,  vol.  xxx,  Pal.  Theil,  p.  118, 
pi.  xxvii  (iv),  figs.  6«-r. 

The  whole  of  the  present  material  has  yielded  only  one  specimen 
of  the  above  form ;  Schwager's  examples  also  came  from  the 
Mokattam  Series. 

No.  1,4806.  Plateau  west  of  Baharia  Oasis:  Lower  Mokattam 
Series. 

Globigerima  oretacea,  d'Orbigny. 

D'Orbigny,  1840:  M6m.  Soc.  geol.  France,  vol.  iv,  p.  34,  pi.  iii,  figs.  12-14. 

This  species  is  not  uncommon  in  sections  of  the  Lower  Libyan 
limestone ;  it  is  possibly  derived  from  Cretaceous  beds. 

No.  1,531/.     North  of  Mendisclie,  Baharia  Oasis  :   Libyan  Series. 

DISCORBINA,  Parker  &  Jones  [1862]. 
DiSGOBBiMA  PABisiENSis  (d'Orbiguy). 

Rwalina  parisiensiSf  (rOrbignv,   1826  :    Ann.  Sci.  Nat.,  vol.  vii,  p.  271,  No.  1 ; 

Modules,  No.  38. 
Fnlvinulina  cf.  campanclla,  GUmbcl,  Schwager,  1883  :  Pala^ontographica,  vol.  xxx, 

Pal.  Theil,  p.  131,  pi.  xxviii  (v),  figs.  3a-rf. 

Schwager's  figure  appears  to  be  that  of  a  discorbine  form,  and 
one  of  our  specimens  exactly  matches  it.  There  is  little  doubt  as 
to  its  relationship  with  the  Rosalina  parisiensis  of  d*Orbigny. 

Nos.  3,3356  and  c.     Farafra  Oasis  :  Libyan  Series. 

TRUNCATULINA,  d'Orbigny  [1826]. 

Truncatulina  candidula  (Schwager). 

Valvimilina  candidulay  Schwager,  1883:  PaljEontograpliica,  vol.  xxx,  Pal.  Tbeil, 
p.  133,  pi.  xxviii  (v),  figs.  lOa-d. 

A  specimen  of  the  above  occurs  in  our  Upper  Libyan  (AlveoUna) 
limestone.       Sohwager*s     specimens,     however,    came     from     ths 
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Ifokattam  Series  of  Aradj  and  Tarra  near  Cairo.  The  fact  that 
the  shell-textare  is  distinctly  porous,  as  is  also  stated  by  Sohwager, 
shows  that  the  species  properly  belongs  to  Truncatulina  and  not  to 
Pfdvinviina, 

Nos.  3,3356  and  c.     Farafra  Oasis  :  Libyan  Series. 

Truncatulina  Ungebiana  (d'Orbigny). 

Stttalia   UHfferianUj  d'Orbigny,   1846  :    Foram.   Foss.  Vienne,  p.    167,   pi.    viii, 

figs.  16-18. 
Fuhinulina  »u>kattafnensis,  Schwagcr,   1883  :    Palajontographica,   vol.   xxx,  Pal. 

Theil,  p.  134,  pi.  xxviii,  figs.  l\a^. 

This  widely  distributed  species  is  quite  common  in  the  Alveolina- 
limestone  of  Farafra.  It  is  a  well-known  form  in  all  Tertiary 
deposits. 

Nos.  3,3356  and  c.     Farafra  Oasis  :  Libyan  Series. 

AMPHISTEGINA,  d^Orbigny  [1826]. 

Amphistegina  Lessonii,  d'Orbigny. 

A.  Lessoniif  d'Orb.,  1826  :  Ann.  Sci.  Nat.,  vol.  vii,  p.  304,  No.  3,  pi.  xvii,  tigs.  1-4  ; 
Modules,  No.  98. 

The  sample  of  limestone  from  Wadi  Dara,  east  of  the  Red  Sea 
SBlls,  contains  many  specimens  of  A.  Lessonii  associated  with  large 
Heierostegina,  The  former  are  somewhat  flat  varieties  of  the  species, 
and  but  for  their  inequilateral  shape  when  cut  through  the  umbonal 
axis,  might  almost  be  mistaken  for  small  nummulitesas  N.  variolaria. 

No.  2,195,  1^.     Wadi  Dara,  east  of  Red  Sea  Hills  :  Miocene. 

OPERCULINA,  d'Orbigny  [1826]. 

Opebculina  complanata  (Defrance),  var.  oanalifkra,  (VArchiac. 

O.    lihyca,    Sehwui^er,    1883:     Paliuoutographica,    vol.    .\\x,    Pal.    Tlieil,    p.    142, 

pi.  xxix  (vi),  fi^s.  lft-(j. 
(f.  eomplaunfa  (Defr.),  viir.  eana/i/cra,  (VArnhim-,  Cliupinau,  PJOO  :    Geol.   Mao., 

p.  7,  PI.  XIII,  Figs.  3«,  U  ;  Pi.  XIV,  Fig.  12. 

This  variety  is  met  with  in  two  of  the  samples,  which  are  both 
from  the  Baharia  Oasis.    The  length  of  the  largest  specimcMi  is  9*5  mm. 

No.  1,531/.  North  of  Mendische,  Baharia  Oasis  :  very  abundant ; 
Lower  Eocene  :  Libyan  Series.  Also  No.  3,348<7,  N.N.W.  of  Bawitti, 
Baharia  Oasis ;  a  few  scattered  and  broken  specimens.  Lower 
Eocene  :  Libyan  Series. 

Oper<;ulina  oomplanata  (Defrance),  var.  discoidba,  Schwager. 

0.  ditcoidea,   Schwager,   1883 :    Palfconto;j^rapliica,   vol.  xx\,  Pal.  Theil,  p.   14 '), 

pi.  xxix  (vi),  figs.  ba-d. 
0.  coinphtiata  (Defr.),  var.  diMcoidea,  Schwager,  Chapman.  1900:    Geol.  Mac;., 

p.  8,  PI.  XIV,  Fig.  13. 

In  cross-section  this  variety  is  easily  distinguished  from  tho 
preceding  form  by  the  very  pronounced  septal  ridges  which  stand 
oiit  prominently  from  the  lateral  shell-surface. 

West  of  Bawitti,  on  plateau  west  of  Baharia  Oasis,  No.  1,4806'. 
Common.     Middle  Eocene  :  Lower  Mokattani  Series. 


/ 
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Opeboulina  oomplanata  (Defr.),  var.  pybamidum,  Ehrenberg,  var. 

Planulina  pi/ramidum,  Ehrenberg,  1838 :   Abhandl.  k.  Wiss.  Berlin,  p.  98,  pi.  it, 

fig.  7. 
Opereulina  pyramidum  (Ehr.),  Schwager,  1883 :   PalaDontographica,  vol.  xxi,  Pil. 

Theil,  p.  143,  pi.  xxix  (vi). 

From  a  zoological  standpoint  this  variety  is  fairly  comparable  with 
granuloBa  of  Leymerie,  but  since  it  shows  some  little  differences  from 
the  strongly  beaded  form  just  named,  in  having  a  somewhat  neater 
test,  we  may  perhaps  retain  for  the  Egyptian  specimens  the  name 
which  Ehrenberg  gave.  It  is  easily  separated  from  the  two 
preceding  in  thin  sections  of  the  rock,  by  its  having  a  thicker  test, 
and  the  secondary  bead  ornamentation  along  the  septal  ridges. 

No.  3,535,  521.  North  of  Salamuni,  between  Assiut  and  Qena, 
east  side  of  Nile.     Common.     Lower  Eocene :  Upper  Libyan  Series. 

HETEROSTEGINA,  d'Orbigny  [1826]. 
Heteeosteoina  uepressa,  d'Orbigny. 

H.  depreasa,  d'Orbigny,  1826:  Ann.  Sci.  Nat.,  vol.  vii,  p.  305,  No.  2,  pi.  xrii, 
figs.  6-7  ;  Modules,  No.  99.  Chapman,  1900 :  Geol.  Mao.,  p.  8, 
PI.  XIII,  Fig.  la. 

This  is  an  extremely  abundant  form  in  one  of  the  limestones, 
where  it  is  represented  by  some  thin,  large,  flexuose  tests  (2,195,  lA), 
frequently  measuring  7  mm.  in  diameter.  The  second  occurrence 
is  in  the  u^/reo/tna-limestone  (3,3356  and  c),  and  there  we  have 
met  with  only  one  example,  probably  a  young  individual,  closely 
resembling  d'Orbigny's  HeUrostegina  simplex  of  the  Vienna  Tertiaries. 

Specimen  2,195,  1^.  Two  kilometres  north-west  of  Gamp  49, 
Wadi  Dara,  east  of  Bed  Sea  Hills.     Miocene. 

Specimens  3,3356  and  c.  Western  wall  of  depression,  Farafra 
Oasis.     Lower  Eocene  :  Libyan  Series. 

NUMMULITES,  Lamarck  [1801]. 
Nummulites  Biabbitzensis,  d'Archiac,  var.  PBiBCUBsoB,  De  la  Harpe. 

De  la  Harpe,  1883:  Pala?ontographica,  yoI.  xxx,  Pal.  Theil,  p.  170,  pi.  xxx  (i), 
figs.  21-28. 

The  variety  is  more  compressed  than  the  type,  and  has  generally 
a  sharper  edge.  The  central  chamber  is  almost  invisible.  De  la  Harpe 
described  this  variety  from  the  grey  marl  of  the  lower  Libyan 
Series  east  and  west  of  Farafra. 

Nos.  3,3356  and  c.  A/reoZtna-limestone,  from  western  wall  of 
depression,  Farafra  Oasis.  Bather  rare.  Lower  Eocene  :  Libyan 
Series. 

Also  doubtfully  from  specimen  3,348^.  Eight  kilometres  N.N.W. 
of  Bawitti,  Baharia  Oasis.     Lower  Eocene :  Libyan  Series. 

NuM»rDLiTE8  Guettabdi,  d'Arohiac  &  Haime,  var.  antiqua, 

De  la  Harpe. 

De  la  Harpe,  1883 :  Palaeontographica,  vol.  xxx,  Pal.  Theil,  p.  172,  pi.  xxx  (i)» 
figs.  37-42.     Chapman,  1900:  Geol.  Mao.,  p.  10,  PI.  XIlI,  Fig.  6*. 

The  only  occurrence  for  this  variety  in  the  present  series  is  in  tho 
much  altered  and  recrystallized  limestone  from  the  Baharia  Oasis. 
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Spedmen  3,348^.     Eight  kilometres  N.N.W.  of  Bawitti,  Babaria 
Oasis.     Frequent.     Lower  Eocene :  Libyan  Series. 

NuvMULiTKS  Bamondi,  Defranoe. 

y.  Bamondi,  Defrance,  1825 :  Diet.  Sci.  Nat.,  vol.  xxxt,  p.  224.  Chapman,  1900  : 
Gbol.  Mao.,  p.  10,  PL  XIII,  Figa.  3^  ib. 

Specimen  No.  1,531/.  Eight  kilometres  north  of  Mendische, 
Baharia  Oasis.     Common.     Lower  Eocene :  Libyan  Series. 

NuMMULiTES  YABioLARiA  (Lamarck). 

X.  varioUtria  (Lam.),  De  la  Harpe,  1883  :  Palxontographica,  vol.  xxx,  Pal.  Theil, 
p.  179,  pi.  xixi  (ii),  figs.  28-36.  Chapman,  1900  :  Geol.  Mao.,  p.  11, 
PI.  Xin,  Fig.  2b, 

This  species  is  one  of  the  commonest  in  the  present  series  of 
limestones  in  the  two  samples  quoted  below.  Some  of  the  specimens 
are  very  small,  measuring  as  little  as  1  mm.  in  diameter.  They  are 
well  characterized  by  the  large  central  chamber,  and  usually  have 
from  three  to  four  turns  to  the  shell. 

Specimen  2,195,  1^.  Two  kilometres  north-west  of  Camp  49, 
Wadi  Dara,  east  of  Bed  Sea  Hills.     Common.     Miocene. 

Specimen  1,531/.  Eight  kilometres  north  of  Mendische,  Baharia 
Oasis.     Very  common.     Lower  Eocene  :  Libyan  Series. 

NuMMULiTKS  Beaumonti,  d'Archiac. 

De  la  Harpe,  1883:  Palaiontog^raphica,  vol.  xxx,  Pal.  Theil,  p.  180,  pl.  ixii, 
figs.  37-47. 

Our  largest  specimens  exceed  the  measurement  given  by 
De  la  Harpe  by  -5  mm.,  and  a  fair  number  attain  his  maximum 
diameter  of  12  mm.  The  distinctive  characters  of  this  form  are, 
when  seen  externally,  the  medium  thick  test,  evenly  lenticular 
or  slightly  flexuose  in  edge  view,  and  the  shell  surface  marked 
with  fine  radial  lines.  The  test  is  from  4  to  12  mm.  or  more 
in  diameter,  and  from  2  to  4mm.  thick;  the  whorls  number, 
according  to  De  la  Harpe,  twelve  to  thirteen  on  a  radius  of  4  mm. 
and  sixteen  on  a  radius  of  7  mm. 

It  has  been  recorded  from  the  Mokattara,  Wadi-ol-Tih,  near 
Heluan,  on  the  Jebel  Achmar,  on  the  pyramids  of  Gizeh  ;  also 
between  the  Nile  Valley  and  the  Farafra,  Baharia,  and  Siuah  Oases. 

Specimen  3,535,  521.  North  of  Salamuni,  between  Assiut  and 
Qena,  east  side  of  Nile.  Common.  Lower  Eocene  :  Upper  Libyan 
Series. 

Specimen  1,516^.  17  kilometres  N.N.E.  of  Ain-el-Haiss,  Baharia 
»      Oasis.     Abundant.     Middle  Eocene  :  Lower  Mokattam  Series. 

NuMMULiTES  sub-Beaumonti,  Dc  la  Harpe. 

A".  iub'Beaumofiti^  De  la  Harpe.  1883:    Pahcontographica,  vol.  xxx,  Pal.  Theil, 
p.  182,  pl.  xxxi  (ii),  figs.  48-56. 

This  form  is  associated  with  the  preceding,  and  occurs  in  the  two 
Bfttnples  before  quoted,  namely,  specimens  3,535,  52/,  and  1,516/^. 
^t  is  smaller  than  N.  Beaumonti,  measuring  IJ  to  5  mm.,  and  it  is 
stouter  in  comparison,  being  from  1  to  2 J  mm.  thick. 
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NUHMULITBS   DISOORBINA,  SohlotheilD. 

Lenticuiitea  ditcorbina,  Schlotheim,  1820  :  Petrefactenkunde,  p.  89. 
NummuHies    diseorbvta    (Schlothelm) ,   De   la   Harpe,   1883 :     Palieontographict, 
voL  XXX,  Pal.  Theil,  p.  183,  pi.  xxxii  (iii),  figs.  1-7. 

A  small  nummalite  with  a  thick,  rounded  test,  and  numerous 
whorls  (maximum  fourteen  on  a  radius  of  4  mm.).  Usually 
asBOoiated  with  N.  Beaumonti  and  allied  forms,  although  our  samples 
prove  an  exception. 

Specimen  l,480e.  West  of  Bawitti,  on  plateau  west  of  Baharin 
Oasis.     Common.     Middle  Eocene  :  Lower  Mokattam  Series. 

NuMMULiTBS  suBDisooRBiNA,  Dc  la  Harpe. 

N,  tubdiscorbina,  De  la  Harpe,  1883  :  Paltcontographica,  vol.  xxx,  Pal.  Theil,  p.  185, 

?1.   xxxii  (iii),  figs.   8-15.      Chapman,   1900  :    Geol.  Mao.,  p.   11. 
1.  XIII,  Fig.  1. 

Specimen  l,480e.  West  of  Bawitti,  on  plateau  west  of  Baharia 
Oasis.     Frequent.     Middle  Eocene  :  Lower  Mokattam  Series. 

NuMMULiTBS  GizEHENSis  (Forskal),  Ehrenberg,  var.  Pachoi, 

De  la  Harpe. 

i^.  OizehenBti  var.  Paehoiy  De  la  Harpe,  1883 :  Pala'ontographica,  vol.  xxx,  Pal. 
TheU,  p.  193,  pi.  xxxiii  (iv),  figs.  14-18;  pi.  xxxiv  (v),  figs.  1-6. 
Chapman,  1900 :  Geol.  Mao.,  p.  12. 

This  variety  has  already  been  recorded  from  the  Baharia  Oasis  by 
De  la  Harpe.  It  occurs  in  the  present  series  in  two  samples  from 
the  same  locality,  namely,  specimens  l,467dand  1,480^,  39  kilometres 
west  of  Bawitti,  on  plateau  west  of  Baharia  Oasis.  Common. 
Middle  Eocene  :  Lower  Mokattam  Series. 

NuvMULiTEs  cuRVispiRA,  Savi  &  Meneghini. 

Nummulina  cmrviapira^  Savi  &  Meneghini,  1851 :  Consid.  Geol.  Toscana,  p.  137. 
N.  eurvispira  (Menegh.),    De    la    Ilarpe,    1883 :    Palneontographica,    vol.   xxx. 

Pal.  Theil,  p.  200,  pi.  xxxiv  (v),  figs.  42-67.     Chapman,  1900:    Geol. 

Mao.,  p.  13,  PI.  XIII,  Fig.  6. 

Typical  specimens  of  the  above  were  found  in  four  of  the  samples 
of  the  present  collection.  In  that  from  Jebel  Hamrawen  this  species 
forms  a  large  proportion  of  the  rock,  and  is  near  the  normal  size, 
measuring  1-5  mm.  in  diameter. 

Specimens  1,622,  50 A,  and  1,622,  6A;,  under  Eocene  nodular  bed 
near  Jebel  Hamrawen.     Very  abundant. 

Specimen  l,467rf.  39  kilometres  west  of  Bawitti,  on  plateau  west 
of  Baharia  Oasis.     Common. 

Specimen  1,480<'.  Same  locality.  Occasional.  Middle  Eocene: 
Lower  Mokattam  Series. 

ORBITOIDES,  d'Orbigny  [1847]. 

Orbitoidks  (Discocyolina)  dispansa  (Sowerby). 

Lycophris  d'ntpamuSf  Sowerby,  1837  [1840]  :  Trans.  Geol.  Soc.  Lond.,  ser.  n,  vol.  v, 
pp.  327,  718,  pi.  xxiv,  figs.  16,  16rt,  b. 

It  appears  that  this  species  has  not  been  recorded  before  from  the 
Baharia  Oa^is. 

Specimen  l,480e.  West  of  Bawitti,  on  plateau  west  of  Baharia 
Oasis.     Very  rare.     Middle  Eocene  :  Lower  Mokattam  Series. 


Gbol.  Mag.,  19UI. 


Due.  IV.,  Vol  IX  ,  Pl,  IV. 
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SPECIES  MENTIONED  IN  THIS   PAPER. 

1.  Bmiriia  mbdeUoidea  (Munster).    Eooene :  Farafra  Oaais. 

2.  B,  BeadneUit  sp.  noy.    Eocene :  Farafra  Oasis. 

3.  B,  nnnutm,  sp.  no?.    Eocene :  Farafra  Oasis. 

4.  OjftJure  Far^enais,  sp.  nov.    Eocene  :  Farafra  Oasis. 
6.  MiiiolUM  mjlaUi  (d'OrbO-     Eocene  :  Farafra  Oasis. 

6.  Jf.  trifoHuia  (Lam.).     Eocene :  Farafra  Oasis. 

7.  AhMolina  ellip$oidaii»,  Schwager.    Eocene :  Farafra  Oasis. 

8.  A.  deeipinu,  Schwa^r.     Eocene:  Farafra  Oasis. 

9.  A.  d^cipient,  Tar.  dolioHfurmia,  Schwi^r.     Eocene :  Farafra  Oasis. 

10.  A.  pa$tUillat«f  Schwager.    £i>cene  :  Farafra  Oasis. 

11.  FU^cpnUna  cntomana,  d'Orb.    Eooene :  Farafra  Oasis. 

12.  Tertulmriaj  sp.  near gramen,  d'' Orb.     Eocene:  Baharia  Oasis. 

13.  Valrulina  Senwageriy  sp.  nov.    Eocene :  Farafra  Oasis. 

14.  BmUmina  eU^antiuuna,  d*Orb..  var.  aeminuda^  Terquem.   Eocene :  Farafra  Oasis. 

15.  Oloki§erina  huUoidea,  d*Orb.     Eocene  :  Baharia  Oasis. 

16.  0.  eretaeea,  d'Orb.     Eocene :  Baharia  Oasis. 

n,  IHteorbina par isientU  (d^ Orb.).     Eocene:  Farafra  OasiH. 

18.  l\nmetituiiHa  eandidula  (Schwager).    Eocene  :  Farafra  Oasis. 

19.  T,  Ungerumaiji^Oth.).    Eocene:  Farafra  Oasis. 

20.  AmpkiaUgina  Letaonii^  d*Orb.     MioceDC :  east  side  of  Red  Sea  Ilills. 

21.  Optnulimm  eomplanata  (Defr.),  var.  eaualifna,  d'Archiac.     Eocene :    Baharia 

0Mi9. 

22.  0.  nmpltmata  (Defr.),  var.  dUeoidea^  Schwager.     Eocene :  Baharia  Oasis. 

23.  0,  eampianata  (Defr.),  var.  pyramidum  (Ehr.).     Eocene:  between  Assiut  and 

Qena,  east  side  of  Nile. 

24.  AfMnMta^Na  depresaa^  d*Orb.     Eocene:    Farafra   Oasis.     Miocene:    east  of 

Bed  Sea  Hills. 

25.  NmmmmiiteM  Biarritztfud*,  d\Archiac,  var.  pracuraor,  Dc  la  Harpe.     Eocene  : 

Baharia  and  Farafra  Oases. 

26.  y,   Omettardiy   d*Archiac   &   Haime,   var.    initiqna,    l)e   hi   Harpe.     Eocene : 

Baharia  Oasis. 

27.  S.  JUmondiy  Defr.     Euc^^ne:   Bahuria  Ousin. 

28.  J^.  vmriolaria  (Lam.).     Eocene  :  Buharia  Omi^. 

29.  if.  Beaumonti,  d*Archiac.     Eocene :   Baharia  Oa'tiH  ;  and  between  Assiut  and 

Qena,  east  side  of  hill. 

30.  N,    aub'Beaumotifiy    De   lu    Ilarpt^      Eoceno :     Baharia    Oasis ;    and   between 

Assiut  and  Qena,  east  nide  of  hill. 

31.  y.  diseorbina,  Schlothcim.     Eocene:   Baharia  Oasis. 

32.  N.  auhdueorhifia,  De  la  Harpe.     Eocene  :   Baharia  Oasis. 

33.  K.  Oizehmsis  (Forsk&l),  Ehr.,  var.  Pachoi,   De  la  Harpe.     Eocene:   Baharia 

Oasis. 

34.  X.  eurvupira,  Savi  &  Menegh.     Eocene  :  Jebcl  Hamrawein  and  Baharia  Oasis. 

35.  Orbitoidfti  (Diaeocyclina)  dUpansa  (Sow.).     Eocene  :   Baharia  Oasis. 

EXPLANATION    OF    PLATE    IV. 

Fio.  1. — Heteronteginu-Wmes^nn  {II.  deprenm).    Miocene  :  Wadi  Dara,  east  of  Re«l 

Sea  Hills.     No.  2,19o,  \h,     x  10. 
Fio.  2. — ^Nummulitic  limestone  (^V.  curvispira).      Mokattiini  Series  :    near  Jebel 

Hamrawein,  east  of  Red  Sea  Hills.     No.  1,622,  56/*.      x  16. 
Pig.  3. — Opfreniina'  and  nummulitic  limestone  (showinjc  0.  complanata  var.  pyra- 
midum and  N.  nnh-Tiea  union  ft).    Eocene  ;  between  Assiut  and  (^ena,  east 

side  of  Nile,     No.  3,535,  62/.      x  10. 
PlO.  4.  —  Nnmmulitic  and   Opeicnihui  limestone  (showing  X.  dmcorbitta,  X  mb- 

diacorbina^  and  0.  complmtata  var.  disroidia  .     Eocene.     No.  E  1,480. 

X  16. 
Fw.    S.  —  ^/r/v>/»«a  -  limestone    (.showinjj    Alwohna    pasticillafa    and     Valvulina 

Sehioayeri].     Eocene:  Farafra  Oasis  (El-Giiss- Abu-Said).     No.  3,335^. 
xl6. 
Fio.  6. — Nummulitic  limestone  with  cavities  filled  with  caleite,  which  were  formerly 

oc<rupie<l  each  hv  a  nummulite.     Eocene:  Baharia  Oasis.     No.  3,348^. 

X  8. 
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EXPLANATION   OF  PLATE  V. 

Fig.  1. — Bairdia  Beadnelli^  Rp.  noT.     a,  view  from  right  side ;  h^  edge  view ;  e,  end 

view.    Farafra  Oasis.    No.  3,335^.     x  15. 
Fio.  2. — Bairdia  minuta,  sp.  no?,    a,  view  from  left  side ;   h^  edge  new  ;  «,  end 

view.     Farafra  Oasis.    No.  3,335^.     x  15. 
Fio.  3. — Cfythere  FarafrensiSy  sp.  nov.     «,  view  from  left  side ;  A,  edge  view ;  c,  end 

yiew.     Farafra  Oasis.     No.  3,3356.      x  30. 
Fio.  4. — Pheopsilina  eenomana^  d'Orb.     Farafra  Oasis.    No.  3,3356.      x  30. 
Fio.  5. — Valvulina  Sehwageri,  sp.  dot.      a,  the  isolated  test,  lateral  view;   6,  e, 

sections  in  vertical  direction ;  d^  transverse  oral  section.     Farafra  Oasis. 

Nos.  3,3356  and  e.     x  30. 
FiOB.  6a,  b. — BuHmina  eUgantissima,  d'Orb.,  var.  teminiidat  Terqnem.      Farafra 

Oasis.    No.  3,3356.     x  30. 


III. — On  Kent's  Cavkrn  with  bbferenoe  to  Buokland  and  his 

Detraotobs. 

By  Arthur  R.  Hunt,  M.A.,  F.L.S.,  F.G.S. 

IN  the  Gboloqioal  Magazine  for  September,  1901,  I  pointed  out 
that  Sir  Henry  Howorth  had  done  Professor  Hnxley  a  great 
injustice  in  charging  him  with  having  suppressed  certain  important 
evidence.  In  the  Magazine  for  January,  1902,  Sir  Henry,  instead 
of  hastening  to  acknowledge  his  error,  proceeds  to  deepen  his  guilt 
by  joining  the  pack  that  yelps  at  the  heels  of  the  great  Dean 
Buckland. 

The  one  object  of  Buckland  and  the  old  cave-hunters  was  to 
reject  a  hundred  facts  rather  than  risk  the  acceptance  of  one  error. 
Sir  Henry  shows  clearly  by  his  article  that  he  would  readily 
accept  a  hundred  fallacies  rather  than  run  the  risk  of  missing  one 
fact.  Let  us  take  his  three  cases  of  Burrington,  Wookey  Hole,  and 
Paviland,  for  each  of  which  he  censures  Buckland,  implicitly  if  not 
explicitly,  e.g. — 

Burrington,  This  is  a  cave  in  the  Mountain  Limestone  vrith  its 
mouth  nearly  closed  by  *  stalactite.'  In  it  were  bones  encrusted 
by  '  stalactite,'  merely  encrusted,  not  enclosed.*  Sir  Henry  remarks, 
^'It  seems  from  our  present  knowledge  almost  certain  that  these 
bones  belonged  to  Palseolithic  man." 

Some  years  ago,  when  exploring  a  cave  on  the  coast  of  Qalloway, 
my  colleagues  and  self  were  desperately  perplexed  by  portions 
of  a  human  skull  found  imder  a  mass  of  some  18  inches  of  stalagmitio 
breccia,  capped  by  2J^  feet  of  practically  pure  stalagmite.  Mr.  W. 
Bruce  Clarke,  who  wrote  the  final  report  on  the  cave,  was  inclined 
to  dismiss  the  stalagmite  as  of  no  great  importance,  but  kindly 
allowed  me  to  record  my  dissent  from  that  conclusion.'  But  the 
very  utmost  I  could  urge  would  be  the  time  that  has  elapsed  since 
the  coastline  has  remained  at  its  present  level,  as  the  cave  seems 
to  be  a  sea-cave  of  the  existing  period  ! 

Our  skull,  under  some  four  feet  of  breccia  and  stalagmite,  was 
certainly  not  Palaaolithic,  and  probably  the  merely  encrusted 
Burrington  bones  were  still  more  modern. 

»  ReliquiiB  Dil.,  p.  164. 

2  Proc.  Soc.  Ant.  Scot.,  1878,  p.  677. 
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Among  my  notes  collected  during  the  exploration  of  the  Borness 
Cave  are  the  following  extracted  from  the  Proc.  Soo.  Ant,  vol.  iv, 
p.  Ill:— 

"  Dowkerbottom  Cave  is  on  the  high  ground  between  Amcliffe  and 
Kilnsay.  .  .  .  One  of  the  coins  found  was  under  six  inches  of 
st&lagmite.  At  this  point  the  stalagmite  was  between  five  and  six  feet 
in  thickness  ;  it  was  in  layers,  occasionally  very  hard,  and  then  quite  rotten 
and  decayed.  Some  of  the  bones  were  buried  deep  in  the  stalagmite. 
.    .    .    Three  human  crania  in  the  cave    .    .    .     Goat,  Dog,  Horse." 

This  information  is  not  precise  enough  for  scientific  purposes,  and 
we  are  not  even  told  the  age  of  the  coin.  But  we  learn  incidentally 
that  the  three  coins  found  were  of  the  reigns  of  Tetrious,  a.d.  267-273, 
and  of  Claudius  Qothicus,  whose  reign  terminated  in  a.d.  270. 
These  dates  harmonized  well  with  the  main  collection  from  the 
Bomess  Cave,  though  in  my  opinion  the  skull  under  the  four  feet 
of  stalagmitic  deposit  must  be  much  older,  though  assuredly  not 
Palaeolithic.  Aooording  to  Sir  Henry  Ho  worth's  reasoning,  we  should 
have  to  accept  both  Claudius  and  Tetrious  as  Palseolithic  men, 
and  coinage  as  a  Palaeolithic  art. 

Wookey  Hole,  Here  the  teeth  and  fragments  of  bone  were 
dispersed  through  reddish  mud  and  clay,  and  some  of  them  were 
united  to  it  by  stalagmite  into  a  firm  osseous  breccia.'  Sir  Henry 
observes  that  as  Buckland  found  a  piece  of  a  sepulchral  urn  among 
the  bones,  "  this  case  is  a  doubtful  one."  Doubtful !  What  could 
be  more  certain  ? 

Paviland.  Sir  Henry  tells  us  that  in  this  cave  a  female  skeleton 
was  found  beneath  six  inches  of  earth,  associated  with  two  handfuls 
of  shells  of  Nerita  littoralis  :  by  which  shell  Buckland  undoubtedly 
means  Littorina  littoralisy  as  he  says  it  is  common  on  the  adjacent 
shore.  Sir  Henry  continues,  **  We  can  hardly  doubt  with  our 
present  knowledge  that  these  bones  were  those  of  a  Palaeolithic 
woman."  On  the  contrary.  Sir  John  Evans  considers  them  those 
of  a  Neolithic  man.* 

In  the  cave  were  also  found,  according  to  Sir  Henry,  tusks  of 
Mammoth  ;  but,  according  to  Buckland,  elephant.  The  distinction 
may  be  important. 

If  the  skeleton  and  the  elephant,  together  with  hyaena  and  bear, 
were  contemporary,  England  would  be  continental,  and  Paviland 
perhaps  a  hundred  miles  from  the  sea.  In  this  case  shells  of 
Littorina  littoralis  would  be  somewhat  out  of  place. 

Moreover,  we  are  told  that  the  bones  contained  a  small  quantity 
of  a  yellow  substance  like  adipocere,  which  is  practically  altered 
marrow.  I  should  be  inclined  to  submit  that  bones  containing 
marrow  associated  with  Littorina  littoralis  are  as  xmlikely  to  be 
Palaeolithic  as  any  ancient  bones  could  be. 

With  regard  to  the  Li^ge  caves,  Schmerling  (we  are  told)  says 
that  the  human  bones  **  agree  in  colour,  in  the  degree  of  decomposition, 

and  in  the  way  they  occur,  with  those  of  the  extinct  beasts " 

Buckland,  however,  says,  ''The  human  bones  found  in  these  caves 

'  Rel.  DiJ.,  p.  166.  2  Evaiw*  '*  Ancient  Stone  Implements,''  'ind  ed.,  ^.  W. 
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are  in  a  state  of  less  decay  than  those  of  the  extinct  species  of 
beasts.*'  ^     This  evidence  is  absolutely  irreconcilable. 

It  is  no  object  of  mine  to  prove  Buckland  right  or  wrong,  but 
I  would  ask  any  unprejudiced  reader  whether  on  the  above  evidence, 
and  especially  taking  into  account  the  momentous  fact  of  2^  feet 
of  stalagmite  covering  a  skull  in  a  cave  of  the  present  coastline — 
whether  it  would  be  worthy  of  a  cautions  scientist  to  accept  such 
evidence  as  that  of  the  caves  of  Burrington,  Wookey  Hole,  Paviland, 
or  Li6ge,  as  proof  of  the  contemporaneity  of  man  with  the  extinct 
animals.  As  any  stick  is  good  enough  to  beat  a  dog,  so  any  myth 
seems  suflScient  to  depreciate  Buckland. 

In  the  September  number  of  the  Qkolooigal  Magazine,  Professor 
Rupert  Jones  writes  :  "The  Rev.  McEnery's  reports  on  Rents 
Oavem  were  finished  about  1826  .  .  .  whilst  McEnery's 
paper  was  supposed  to  be  '  lost,'  but  really  kept  in  the  background 
by  influence  of  the  Rev.  Dean  Buckland.  .  .  ."  The  fact  is 
the  Rev.  J.  McEnery  never  wrote  a  pap^r,  nor  reports.  What  he 
did  write,  viz.  rough  notes,  were  not  finished  in  1826  ;  nor  did 
Dean  Buckland  influence  McEnery's  decisions  except  by  legitimate 
argument,  which  happened  in  McEnery's  case  to  convince.  McEnery's 
manuscripts  were  so  truly  lost  that  they  were  sold  at  auction  with 
old  sermon R,  and  only  recovered  years  later  in  a  fragmentary 
condition.  Parts  are  therefore  still  lost,  a  lamentable  fact,  beyond 
supposition. 

The  following  are  McEnery's  own  words  : — 

**  On  the  14th  August,  1829,  visited  the  cave  accompanied  by  Master 
Aliffe."    (Trans.  Dev.  Assoc.,  vol.  iii,  p.  295.) 

"  Vid.  Buckland's  resumed  in  reference  to  the  discovery  of  human  bones 
in  Diluvium  in  Bridgewater  Treatise.  I  cannot  sum  up  better  than  with 
his  remarks."    (Trans.  Dev.  Assoc,  vol.  iii,  p.  225.) 

Then  as  to  the  cause  of  delay  in  publication  of  his  works  : — 

'^  Had  I  not  devoted  so  long  a  period  to  personal  examination  of  all  the 
circumstances  attending  this  delicate  question,  in  common  with  others 
I  should  have  fallen  into  the  error  of  supposing  human  remains  to  be 
contemporaneous  because  conjoined  with  the  deposit  of  mud  and  bones. 
Into  this  opinion  I  fell  at  iirut  from  the  discovery  of  flint  blades  in  contact 
with  both  in  several  parts  of  the  cavern  and  the  alternation  of  the 
stalagmite,  and  I  communicated  my  impressions  to  Dr.  Buckland  with 
all  the  earnestness  of  sincere  conviction.  It  was  to  this  doubt  chiefly 
is  owing  the  oridnal  delay  in  the  publication  of  my  labours.  It  is  only 
from  extended  observation  over  the  entire  field  of  the  cavern  that  I  have 
come  to  the  conclusion  that  human  bones  are  long  posterior  to  the 
sediment  containing  pebbles  and  bones,  and  that  they  date  no  more  than 
half-way  down  from  that  period. 

**  If  ever  a  temptation  ofi'ered  for  passing  the  humtm  skeleton  for  a  Ho9)io 
dUuvii  testis  it  is  here,  when  accompanied  by  his  weapons  he  is  found 
mixed  up  in  the  Diluvium  with  the  bones  of  elephant,  etc. ;  but  a  regard  to 
truth  compels  us  to  declare  that  all  the  attendant  circumstances  concur 
to  the  conclusion  that  his  bones  were  deposited  here  by  human  hands 
to  a  period  long  posterior  to  the  introduction  of  even  the  muddy  sediment 
found  in  the  cavern."    (Trans.  Dev.  Assoc,  vol.  iii,  p.  226.) 

*  JBridgewater  Treatise,  Buckland,  yoI.  i,  p.  598. 
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The  importance  of  the  differenoes  of  opinion  between  Buckland 
and  McEnery  have  been  greatly  exaggerated.      McEnery  writeR  : — 

^It  is  painful  to  dissent  from  so  high  an  authority,  and  more 
particularly  so  from  my  concurrence  generally  in  his  views  of  the 
phenomena  of  these  caves,  which  three  vears  personal  observation  has 
m  most  every  instance  enabled  me  to  verify."  (Trans.  Dev.  Assoc.,  vol.  iii, 
p.  33a) 

The  sole  point  here  in  dispute  was  the  mode  of  accretion  of 
stalagmite ;  a  question  of  the  most  profound  indifference,  as  both 
Buckland  and  McEnery  were  agreed  that  the  bones  of  men  were 
absent  from  the  'Diluvium/  that  the  flint  implements  wera  introduced 
after  the  extinct  mammalia,  and  that  the  flints  were  post  the 
Noachian  deluge.  Where  flints  occurred  under  stalagmite  Buckland 
contended  that  the  stalagmite  had  been  broken  through  and  perhaps 
reformed.  McEnery  denied  this,  and  maintained  that  the  stalagmite 
was  continuous  and  intact  But,  as  McEnery  did  not  limit  the  rate 
of  accretion,  and  believed  the  stalagmite  was  all  posterior  to  the 
Noachian  deluge,  the  difference  of  opinion  is  of  no  possible 
importance.  Buckland  and  McEnery  were  equally  mistaken ;  and 
Mo£2nery*8  error  was  perhaps  more  dangerous  than  Buckland's.  The 
soundness  of  stalagmite  is  a  question  of  inspection,  whereas  the 
rate  of  growth  varies  immensely.  Were  McEnery  right  as  to  the 
post-Diluvian  age  of  the  Kent's  Cavern  stalagmite,  the  cave  would 
be  no  witness  for  the  antiquity  of  man. 

In  1840  Mr.  God  win- Austen  wrote  : — **  Human  remains  and 
works  of  art  ....  occur  throughout  the  entire  thickness  of 
the  clay."     (See  Trans.  Dev.  Assoc,  vol.  ii,  p.  498.) 

In  1841  Dean  Buckland  maintained  that  "in  Kent's  Cavern 
.  .  .  .  the  Celtic  knives  were  found  in  holes  dug  by  art,  and 
which  bad  disturbed  the  floor  of  the  cave  and  the  bones  below  it." 
(Quoted  Rep.  B.A.,  1877,  p.  55.) 

In  1847  the  Report  of  a  Committee  of  the  Torquay  Natural  History 
Society  was  submitted  by  Mr.  E.  Vivian  to  the  Geoloj^ical  Society 
and  to  the  British  Association.  Of  the  former  Mr.  Vivian  writes 
in  1859  :  The  paper  "  was  considered  so  heterodox  that  its  insertion 
in  the  Transactions  was  delayed  until  the  late  lamented  Dr.  Buckland 
could  again  visit  the  cavern,  which  he  was  never  able  to  accomplish  " 
(**  Cavern  Researches,"  p.  60,  note).  The  Council  and  Officers  of  the 
Geological  Society  included  De  la  Beche,  Lyell,  Owen,  Sedgwick, 
Forbes,  Falconer,  Murchison,  and  Darwin.     But  not  Buckland. 

In  Section  C  of  the  British  Association  at  Oxford  it  was  reported 
that  the  undisturbed  stalagmite  three  feet  thick  had  been  broken 
through  in  three  places,  and  flint  knives  found  in  each  instance. 
The  President  of  Section  C  was  Buckland. 

Thus,  at  last,  the  great  fact  of  Kent's  Cavern  was  publicly 
advertised,  under  the  auspices  of  Buckland,  who  did  not,  as  did  the 
Greological  Society,  postpone  the  publication  for  further  enquiry. 

Long  after  Buck  land's  death,  the  British  Association  spent  sixteen 
years  and  nearly  £2,000  in  breaking  up  the  stalagmite  of  Kent's 
Cavern,  and  removing  the  subjacent  four  feet  of  depoaiU.    'EL\iiidx^% 
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of  tons  were  taken  out  of  the  cavern,  and  with  what  result  ?  So 
far  as  human  bones  were  concerned,  Buckland  and  MoEnery  were 
justified  to  the  letter.  Not  a  single  human  bone  was  proved  from 
the  cave  earth  (MoEnery*s  'Diluvium  *).  The  human  bones  in  the 
black  mould  of  the  cave  were  introduced  by  man,  were  not  Palaeolithic, 
and  the  cautious  reasoning  of  the  great  explorers  had  saved  them 
from  what  might  have  well  been  to  them  an  everlasting  blander. 

As  to  the  flints,  the  two  clerics  were  both  mistaken.  The  flints 
were  indeed  coeval  with  the  extinct  mammalia,  and  they  certainly 
were  older  than  the  reputed  date  of  the  Noachian  deluge.  What, 
then,  can  we  fling  in  the  face  of  these  immortals  ?  Just  that  they 
oarried  caution  to  excess — a  vice  which  is  better  than  most  virtues. 

Buckland  and  McEnery  at  any  rate  took  a  sane  view  of 
stalagmite  and  stone  implements.  They  did  not  contend  that  the 
Kent's  Cavern  stalagmite  entered  in  the  form  of  a  magma,  or  that  the 
flints  were  not  artificial,  or  that  in  a  tunnel  cave  bones  fell  through 
the  roof,  or  that  Kent's  Cavern  was  a  mine  in  which  that  grand  beast 
the  hippopotamus  (which  never  was  in  the  cave)  worked  as  a  beast 
of  burden.  Yet  all  these  things  were  gravely  or  even  indignantly 
suggested  to  crush  the  unorthodoxy,  scientific  or  theological,  of 
the  harassed  explorers.  But  it  has  remained  for  the  second  year 
of  the  twentieth  century  to  see  an  article  in  the  Geological  Magazine 
on  the  Progress  of  the  Modem  Theory  of  the  Antiquity  of  Man 
with  no  reference  in  it  to  the  most  important  literature  of  the 
subject,  the  literature  of  Kent's  Cavern. 
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Carnarvonshire. 

By  Charles  A.  Matlby,  B.Sc,  F.G.S. 
Introduction. 

rpHE  geology  of  the  Lleyn  peninsula  has  from  time  to  time 
X  attracted  the  attention  of  geologists,  and  several  workers  have 
added  much  to  our  knowledge  of  this  district ;  but  their  researches 
have  been  mainly  confined  to  (1)  the  strip  of  ancient  rocks  (usually 
assigned  to  the  pre-Carabrian)  in  the  west  between  Forth  Dinlleyn 
and  Bardsey  Island,  and  (2)  the  igneous  rocks  lying  in  the  Ordovician 
ground  which  occupies  the  eastern  and  larger  portion  of  the  peninsula. 
Thus  the  Ordovician  sedimentary  rocks  have  largely  escaped  attention, 
a  result  probably  also  due  to  their  monotony,  to  the  rarity  of 
fossiliferous  localities,  and  to  the  great  extent  to  which  tbe  beds 
are  concealed  beneath  accumulations  of  drift. 

It  has  long  been  known  that  in  certain  localities  these  sedimentary 
rocks  are  of  Bala  age,  and  that  in  other  localities  they  belong  to 
the  Arenig  series,  but  the  general  structure  of  the  region  remains 
obscure,  for  no  serious  attempt  appears  to  have  been  made  to  work 
out  the  detailed  stratigraphy  of  the  area  or  to  trace  the  various 
horizons  zone  by  zone. 

From  the  results  obtained  during  a  short  visit  to  Aberdaron  last 
Bummer  the  present  writer  is  encouraged   to  think   that  such  an 
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attempt  would  meet  with  sopie  measure  of  sucoess.  FobsiIh,  though 
far  from  common,  are  not  so  rare,  even  in  the  Arenig  beds,  as  has 
been  generally  supposed,  and  sufficient  have  now  been  found  in 
the  small  area  at  present  touched  upon  to  show  that  it  contains 
beds  of  Lower,  Middle,  and  Upper  Arenig  age.  The  writer  hopes 
to  return  to  the  district  and  continue  the  examination  of  the  area, 
but  meanwhile  the  following  preliminary  account  summarizing 
the  results  so  far  attained  may  be  of  interest. 

Abka  kxaminkd. 

The  Ordovician  ground  examined  is  a  tract  about  four  miles  wide 
around  the  shores  of  Aberdaron  and  Llanfaelrhys  Bays.  A  projecting 
outcrop  of  pre-Cambrian  rock  divides  this  area  into  two  parts, 
a  western  portion  abutting  on  Aberdaron  Bay  and  an  eastern  portion 
adjoining  Llanfaelrhys  Bay. 

Western  or  Aberdaron  Tract, 

The  Ordovician  beds  here,  except  where  bounded  by  the  sea,  are 

limited  in  all  directions  by  faults  which   throw  them  against  the 

pre-Cambrian  rocks  of  the  district.     The  general  structure  appears 

to  be  a  syncline.     Much  of  the  ground  is  covered  by  thick  masses 

of  glacial  drift 
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Fio.  2. — Section  at  Perth  Meudwv. 

Oq   the  western  side  of  Aberdaron  Bay  we  have  the  following 
sequence  in  descending  order,  as  shown  iu  Figs.  1  and  2  : — 

(3)  Dark  shales  surmounted  by  a  thick  sill  of  dolerite  (Pen  y  Cil  dolerite). 

(2)  Grit  and  breccia,  forming  a  zone  about  60  or  70  feet  thick.     The  breccia 

contains  abundant  fragments  derived  from  the  pre -Cambrian  region  to 

the  west. 
(1)  Dark  slaty  shales,   usually  hard  and  sandy,   with  numerous  coone^  ol  ^ii« 

sandstone. 
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The  base  of  the  suooession  is  not  seen.  A  specimen  of  TetragrapUu 
terra,  Brongn.  {  ^  T.  hryonoidea.  Hall),  was  found  some  800  feet  or 
so  below  the  summit  of  (1). 

Further  north,  in  a  small  black-shale  quarry  near  Aberdaron, 
a  number  of  graptolites  were  obtained,  probably  Didymographu 
€xienau$.  Hall,  and  D.  nitidua,  Hall.  Loose  blocks  found  in  the 
neighbourhood  also  yielded  graptolites  of  the  B.  &xien$u$  type, 
though  the  actual  species  to  which  these  forms  belong  have  not 
been  made  out  with  certainty.  They  are  very  probably  of  Lower 
Arenig  age. 

Where  the  western  boundary  fault  reaches  the  sea  at  Parwyd 
a  mass  of  black  shale  with  numerous  flaggy  bands  of  sandstone  is 
wedged  in  between  the  pre-Cambrian  rooks  and  a  dyke-like  mass 
of  picrite  which  separates  it  from  zone  (1)  of  the  above  table. 
These  Parwyd  beds  yielded  Azygograptua  aueeicuB,  Moberg,  and 
DidymograptuSf  sp.,  'perhaps  hirundo,  and  they  represent  a  higher 
horizon  than  the  beds  with  the  '  eztensiform  '  graptolites  at 
Aberdaron. 

The  beds  of  the  Aberdaron  tract  appear,  therefore,  to  comprise  rocks 
ranging  from  the  Lower  to  the  Middle  and  perhaps  Upper  Arenig. 
All  the  graptolites  discovered  are  forms  found  in  the  "  Middle 
Skiddaw  Slates  "  ^  of  the  English  Lake  District. 

Eastern  or  Llanfaehhya  TraeL 

The  rooks  dip  easterly,  and  consist  of  sandy  and  argillaceous  shales, 
often  containing  flaggy  and  thick  bands  of  sandstone.  At  various 
horizons  in  the  series  are  injections  of  basic  igneous  rock,  usually 
dolerite  sills.     Figs.  3  and  4  are  sections  across  part  of  this  area. 

The  succession  is  best  observed  along  the  coast,  and  may  be  stated 
in  descending  order  as  under  : — 

[Laccolite  of  Mynydd  Penarfynydd,  a  mass  of  homblende-picrite  and  hom- 
blende-dolerite.J 
(6)  Penarfynjdd  shales  with  DidymograpUu  bijidus^  Hall. 

[Dolerite  sill  near  Forth  Llawenan.] 
(5)  About  6  feet  of  dark  shale  containing  layers  crowded  with  DidytnograptHt 
bifidun.  Hall. 
[One  or  more  dolerite  sills ;  coast  obscured  by  drift.] 
(4)  Ironstone  and  manganese  zone  of  Nant  y  Gadwen,  comprising  also  con- 
cretionary blue  mudstone  and  dark  shales. 
(3)  Dark  shales  of  Nant  y  Gadwen,  charartorized  by  D.  hirundo,  Salter.     In 
these  beds  is  a  band  that  hns  been  worked  for  manganese. 
[Maen  Gwenonwy  dolerite  sill.] 
(2)  Flaggy  sandstones  and  sandy  shales. 

[Gallt  y  Mor  dolerite  sill.] 
(1)  A  thick  series  of  dark  slaty  beds,  often  sandy,  and  containing,  especially  in 
their  lower  part,  courses  of  sandstone. 

The  base  of  (1)  is  not  seen,  being  faulted  against  a  strip  of  pre- 
Cambrian  rocks. 

Geologists  are  indebted  to  the  late  Mr.  Tawney '  for  the  first 

1  As  defined  by  Miss  Elles,  Quart.  Joum.  Geol.  Soc,  vol.  liv  (1898),  pp.  528 
and  530. 

'  Geol.  Mao.,  1880,  p.  211.  Fossils,  including  graptolites,  were  also  found  in  the 
neighbourhood  of  Llanfaelrhys  by  the  Geological  Survey ;  see  Ramsay,  Geol.  North 
wSes,  2nd  ed.  (1881),  pp,  216  and  377. 
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Himowmj  of  fomils  in  zone  (6).  The  writer  has  not  yet  foand 
'  timing-fork '  graptolites  below  zone  (6).  Both  these  npper  zones 
are  clearly  of  Upper  Arenig  or  Llanvim  age.  The  ironstone  and 
nanganeee  band  (4)  is  of  stratigraphioal  interest,  beoanse  it  is  found 
igain  about  a  mile  away  at  Tyddyn-Meirion  and  at  Benallt-baoh, 
Bhiw.  At  the  latter  place  these  beds  are  worked  commeroially  for 
msnganese,  and  the  bine  concretionary  mudstones  there  have  pro* 
Tided  specimens  of  Axygograptus  snedeuB,  Moberg,  and  other  fossils. 
The  ironstone  oocnrs  in  massive  beds,  and  is  of  an  altogether  different 
ehtracter  from  the  pisolitic  iron-ore,  supposed  to  be  of  Arenig  age, 
found  at  Llanengan  a  few  miles  further  east. 
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Fio.  4. — Section  from  Porth  Ypj^o  to  Mynydd  Penarfynydd. 

The  lowest  beds  of  this  tract  have  not  yet  yielded  fosfiils.  They 
are  possibly  of  Lower  Arenig  age,  and  they  paRs  upwards,  through 
Middle  Arenig,  into  Upper  Arenig  beds.  All  the  graptolites  here 
recorded  are  forms  which  also  oocur  in  the  Middle  Skiddaw  Slates. 

CONOLUDINO   ReMABKS. 

The  writer  is  indebted  to  Miss  E.  M.  B.  Wood  for  verj'  kindly 
examining  and  identifying  the  graptolites  and  for  information  con- 
cerning their  zonal  value.  Other  fossils  such  as  Ogygia,  Trtnueleus, 
hingtda,  and  Orthoceraa  have  been  obtained  in  several  localities,  but 
their  species  have  not  yet  been  worked  out.  The  graptolites,  how- 
ever, show  su£Soiently  well  that  the  greater  part  of  the  Arenig  is 
ispresented  in  the  area  described.    The  lowest  beds  of  t\\Q  aexX^^  ^x^ 
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out  out  by  faultR;  the  beds  leading  up  to  the  Llandeilo  may  be 
looked  for  in  the  country  east  of  Rhiw. 

Two  points  of  interest  remain  to  be  briefly  considered.  The 
highly  contorted,  crushed,  and  complicated  region  to  the  west  of 
Aberdaron  has  been  spoken  of  in  this  paper  as  '*  pre-Cambrian," 
but  the  writer,  in  thus  expressing  the  general  opinion  of  geologists, 
does  not  thereby  intend  to  exclude  the  possibility  of  some  of  the 
beds  being  of  later  age.  The  great  difference  of  tectonic  arrange- 
ment on  opposite  sides  of  the  boundary  fault  is  very  striking.  In 
comparison  with  the  iuteuse  complication  and  the  metamorphism  of 
the  '^  pre-Cambrian "  region  the  Arenig  rocks  may  be  said  to  be 
practically  undisturbed,  and  a  strong  impression  of  a  great  difference 
of  age  between  the  two  sets  of  rocks  is  thus  left  upon  the  obseryer's 
mind.  Direct  evidence  that  this  inference  is  well  founded  is  now 
afforded  by  the  rock- fragments  occurring  in  the  Arenig  breccia  of 
the  western  side  of  Aberdaron  Bay.  These  fragments  consist  of 
pieces  of  schist,  quartz-granulite,  etc.,  unmistakably  derived  from 
rooks  identical  with  many  of  those  lying  on  the  other  side  of  the 
boundary  fault,  and  their  condition  of  alteration  corresponds  with 
the  present  stage  of  metamorphism  of  the  latter.  It  is  therefore 
dear  that  the  metamorphism  of  this  "  pre-Cambrian  "  area  had  been 
practically  completed  not  later  than  early  Arenig  times. 

In  this  pre-Cambrian  region  patches  of  jasper  are  found  associated 
with  green  basic  igneous  rocks.  A  similar  association  of  rocks  has 
been  recently  described  as  occurring  along  the  eastern  border  of  the 
Highlands  of  Scotland,  where  they  have  been  designated  the  ''  Jasper 
and  Green-Bock  Series."  On  the  grounds  of  their  resemblance  to  the 
Arenig  radiolarian  cherts  and  lavas  of  the  Southern  Uplands  of 
Scotland  this  Jasper  and  Green-Rock  Series  has  been  considered  to 
be  "  most  probably  of  Arenig  age."  *  Whatever  may  be  the  merits 
of  the  case  us  regards  the  Highland  Border  rocks,  it  seems 
inadmissible  to  apply  the  same  argument  of  analogy  to  the  jasper- 
containing  group  of  the  Lleyn,  in  view  of  the  quite  distinct  character 
and  altogether  different  mode  of  occurrence  of  the  undoubted  Arenig 
rocks  near  by. 

V. — WooDWAKDiAN    MusEUM    NoTEs :    Salter^s   Undesoribid 

Species.     VI.- 

By  F.  R.  CowPER  Rbbd,  M.A.,  F.G.S. 

(PLATE   VI.) 

PTEROPODA. 
CoNULARiA  CLAVU8,  Salter.     (PI.  VI,  Figs.  1,  la-c.) 

1873.     Cottiilaria  clavusy  Salter,  n.sp.  :  Cat.  Camb.  Sil.  Foss.  "Woodw.  Mun.,  p.  163 

(a  878). 
1891.     Conularia  clavuSy  Woods  :  Cat.  Type  Foss.  Woodw.  Mus.,  p.  119. 

The  original  specimen  (a  878)  is  in  a  very  perfect  condition  and 
oomes  from  the  Wenlock  Limestone  of  Dudley.     It  also  belongs  to 

*  G.  Barrow:    Quart.  Joum.  Geol.  Soc,  vol.  Ivii  (1901),  p.  342. 

-  For  j)revious  articles  sec  Geol.  Mag.,  1901,  pp.  6,  106,  246,  356,  and  676. 
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the  Fletcher  CoUeotion.  There  is  no  other  speoimen  of  this  species 
io  the  Wood  wardian  Museum.  Salter  calls  it  <'  a  new  square  species.*' 
Diagnosis. — Shell  forming  a  regular  four-sided  elongated  pyramid. 
Sides  equal,  flat,  except  near  aperture,  where  the  middle  of  each  face 
is  slightly  impressed,  causing  transverse  section  of  aperture  to  be 
slightly  quadrilobate.  Transverse  section  below  aperture  square. 
A^les  of  pyramid  marked  by  narrow  groove.  Aperture  with 
margins  inflected;  lips  of  anterior  and  posterior  faces  large,  semi- 
circular, meeting  in  middle  line  ;  lips  of  lateral  faces  smaller,  not  so 
much  infolded,  not  meeting  in  middle.  Apex  wanting,  being  broken 
off  at  transverse  diaphrsigm.  Faces  of  pyramid  ornamented  by 
50-60  fine  raised  transverse  ribs,  augulated  upwards  along  median 
line  at  obtuse  angle  of  about  140°  and  set  with  small  sharp  equidistant 
taberoles,  giving  a  moniliform  appearance.  The  interspaces  between 
the  ribs  are  broad,  flat,  and  smooth.  The  ribs  of  the  adjacent  faces 
tro  seen  to  alternate  at  the  angles.  There  are  5  or  6  of  these  ribs  on 
the  anterior  and  posterior  lips  of  the  mouth,  but  only  1  or  2  on  the 
literal  lips.  There  is  no  median  longitudinal  line  down  the  centre 
of  each  face  of  the  shell,  nor  any  longitudinal  ornamentation. 

Mkasubements. 

Apical  angle  ...         ...         ...         ...         ...         ...  20 

Bate  of  tapering        ...         1  in  3 

Width  at  mouth        6  mm. 

Length  (minus  apex)  13*5  mm. 

Remarks. — This  species  belongs  to  Holm's  ^  group  MonilifercB  of 
the  genus  Conularia,  and  shows  many  points  of  resemblance  to  the 
species  C.  monile  (Lindstrcira),-  but  in  the  British  form  the  tubercles 
OQ  the  transverse  ribs  are  smaller,  situated  further  apart,  and  not 
laterally  compressed,  and  the  ribs  on  whicii  they  are  set  are  not 
placed  so  close  together. 

GoMULABiA  BiFASGiATA,  Salter.     (PI.  VI,  Figs.  2,  2a.) 

1873.     Conularia  bifaseiata,  Salter  MSS.  :    Cat.  Camb.  Sil.  Foss.  Woodw.  Mus., 

p.  171  (a  926). 
1891.     Conularia  bifasciataf  Woods:  Cat.  T}'pe  Fods.  Woodw.  Mus.,  p.  119. 

There  is  only  the  original  specimen  (a  92G)  of  this  species  in  the 
Woodwardian  Museum.  It  comes  from  the  Lower  Ludlow  beds  of 
Leintwardine,  and  on  the  same  slab  are  numerous  specimens  of 
Monograpius  leintwardinensis.  Salter  says  of  this  specimen,  "only 
shows  one  face,  and  that  of  a  young  specimen."  The  thin  shell  is 
covered  with  irregular  wrinkles  owing  to  unequal  compression. 

Diagnosis. — Shell  large,  pyramidal,  apical  angle  25°,  of  extremely 
thin  substance.  Surface  marked  by  one  small,  straight,  narrow 
median  ridge,  running  longitudinally  down  the  centre  of  the  face. 
Oq  each  side  of  this  ridge  is  a  nearly  parallel,  narrow,  dark  line 
representing  an  internal  septum.  These  two  septa  are  straight  and 
nearly  parallel  to  each  other,  only  slightly  diverging  in  their  course 

^  Holm,  Srer.  Kamb.  Silur.  Hyolith.  o.  Conular :  Sver.  Geol.  Undersokn.,  ser.  c, 
No.  112  (1893),  p.  164. 
*  Lindstrom:  SU.  Gaatrop.  Pterop.  Gotl.  (1884),  p.  44,  pi.  i,  ftgs.  9-Vl. 
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from  the  apex  towards  the  apertural  margin.  Surface  of  sh 
ornamented  by  very  fine,  olosely  placed  transverse  lines,  gent 
arched  forwards  parallel  to  the  margin  of  the  aperture,  and  close 
set  with  microscopically  minute  oval  tubercles,  longitudinal 
elongated  and  arranged  in  regular  longitudinal  lines,  giving 
shagreen-like  appearance  to  the  shell.  This  ornamentation  is  t 
interrupted  in  the  least  in  crossing  the  median  ridge  or  the  edges 
the  septa. 

Mbasurbments. 

Length  ...        ...        ...        ...        ...        ...        ...        65  mm. 

Width  of  aperture        22  mm. 

Apical  angle     20** 

Rbmabks. — The  two  Swedish  Silurian  species  which  very  clo8< 
resemble  C,  bifaaciata  are  C,  bilineata  (Lindstrom)  and  G.  aapet 
(Lindstrom).*  Both  of  these  possess  the  thin  shell,  the  curious  p 
of  septa  in  the  middle  of  the  face,  and  the  same  style  of  on 
mentation.  C,  bilineata  also  shows  traces  of  the  small  median  rid 
between  the  septa.  The  ornamentation  of  C  aapersa  appears 
resemble  that  of  C.  bifaaciata  most  closely.  But  both  the  Swedi 
species  differ  in  their  apical  angle,  being  much  larger,  i.e.  frc 
30°  to  35°  instead  of  20°.  It  is  noteworthy  that  the  specimen 
C.  bilineata  described  by  Lindstrom  (loo.  oit.)  is  apparen 
preserved  in  much  the  same  way  as  our  specimen  of  C,  bifaacia 
for  both  have  their  extremely  thin  shell  wrinkled  and  of  a  chestn 
brown  colour. 

Htolithes  Homfbayi,  Salter.     (PI.  VI,  Fig.  3.) 

1873.  Theea  Hmnfrayi,  Salter  :  Cat.  Camb.  Sil.  Foss.  Woodw.  Mu8.,  p.  8  (h  2( 
1891.     Hyolithet  Homfrayi^  Woods :  Cat.  Type  Foss.  Woodw.  Mas.,  p.  120. 

This  species  is  described  by  Salter  (op.  cit.)  as  "much  lonj 
than  Theca  corrugata.**  There  are  several  specimens  of  this  fo 
in  the  Woodwardian  Museum,  one  of  the  three  original  sli 
labelled  b  263  showing  several  individuals.  Unluckily  none  i 
well  preserved,  and  consequently  the  description  of  the  spec 
cannot  be  quite  satisfactory.  They  come  from  the  Menevian  b< 
of  Tyddyngwladis,  and  were  presented  by  Mr.  D.  Homfray. 

Diagnosis.  —  Shell  conical,  elongated  ;  apical  angle  IO°-I 
Face  (ventral  ?)  shows  one  longitudinal,  narrow  median  ric 
apparently  accompanied  by  a  slight  infolding  of  the  shell,  w 
a  lateral  ridge  on  each  side  of  it  close  to  the  margin  of  the  fa 
apparently  representing  the  inflexed  margins  of  the  dorsal  fa 
lu  one  specimen  strongly  marked  growth-lines,  arched  forwai 
cross  the  face  between  the  lateral  ridges,  but  outside  these  rid] 
their  direction  slightly  changes.  Aperture  prominent,  arcl 
forwards.  A  distorted  oval  object  near  the  mouth  of  the  figu: 
specimen  may  represent  the  operculum. 

>  Lindstrom:  Sil.  Gastrop.  Pterop.  Gotl.  (1884),  pp.  45-47,  pi.  i,  figs.  4^ 
pi.  vii,  figs.  1-3  ;  pi.  xix,  fig.  1.  Ilolm :  Sver.  Eamb.  Sil.  Hyol.  o.  Conul.  (18t 
p.  134,  t,  Tj,  hgs,  38-42,  43-46. 
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MXASUBBMKNTS.  mm.      mm. 

JLoi^th.       ...         ...         ...         ...         ...         ...        26        37  + 

Wi£h  at  aperture  5         ? 

BufARKS. — HtfoUthe$  Bomfrayi  is  closely  allied  to  H,  bijugoaui 
(Salter)  ^  from  the  Tremadoc  beds.  The  apical  angle,  longitudinal 
keels,  and  prominent  mouth  are  similar ;  but  the  stronger  transverse 
itrie  and  the  approximation  of  the  lateral  keels  to  the  margin  in 
H.  Homfrayi  are  points  of  difference.  It  may  be  compared  with 
the  Swedish  species  H,  pennatulua  and  H.  triumvir,-  but  the  material 
is  80  poor  that  this  species  of  Salter's  cannot  be  held  to  rest  on 
a  very  firm  basis. 

Htolithes  8UL0ATU8,  Salter.     (PI.  VI,  Fig.  4.) 

1873.     TlUca  suleata,  Salter,  n.sp. :    Cat.  Camb.  Sil.  Fo88.  Woodw.  Mub.,  p.  17 

{b  322). 
IWl.     Hifoiithes  mleatus,  Woodn :  Cat.  Type  Foss.  Woodw.  Mus.,  p.  121. 

The  two  original  specimens,  6  322,  which  come  from  the  base 
of  the  Upper  Tremadoc  of  Llanerch,  west  of  Portmadoc,  and  were 
presented  by  Mr.  D.  Homfray,  consist  of  an  internal  cast  and  the 
impression  of  the  same.  Since  the  aperture  is  more  or  less  broken 
and  imperfect  it  is  not  possible  to  decide  if  it  is  the  dorsal  face 
of  the  shell,  but  I  am  inclined  to  think  it  is  for  reasons  which  are 
giren  below.  Salter  descril>e8  this  species  as  *'  broad  and  short  with 
longitudinal  folds.'* 

Diagnosis. — Shell  conical,  broad,  short ;  apical  angle  nearly  30^, 
trilobed,  being  divided  into  three  elevated  longitudinal  ridges  of 
approximately  equal  size  by  two  sharply  impressed  angular  grooves. 
The  median  ridge  is  rounded  and  convex ;  the  lateral  ones  are 
aognlated  sharply  down  their  centre.  There  are  indications  of 
several  (four  or  five)  small,  rounded,  longitudinal  ribs  running  down 
the  median  ridge,  and  one  or  two  less  distinct  one^  on  each  of  the 
lateral  rilges.     No  transverse  striation  is  present. 

Measurements.  mm. 

Breadth  at  front  end ...         ...         ...         ...         ...         ...         10 

Remarks. — In  Hyolithes  bijugosus  (Salter)  the  convex  side  (which 
is  called  by  Salter  in  this  species  the  dorsal)  is  tlescribed  as  ridged 
with  three  distinct  keels,  the  central  one  of  which  is  the  strongest, 
but  the  small  apical  angle  (IC^-lli^)  and  the  transverse  lines  of 
growth  and  absence  of  longitudinal  ribs  distinguish  this  species. 

Hyoliihes  Billingsi,^  from  the  Cambrian  of  Pioche,  Nevada,  resembles 
H.  Bulcaiwi  more  closely  in  having  an  apical  angle  of  nearly  the 
iame  size  and  the  flattened  dorsal  side  ornamented  with  three 
longitudinal  ridges  divided  by  furrows.  The  longitudinal  ribs 
figured  by  Holm  *  in  many  Swedish  species  are  found  on  the  convex 
ventral  side,  but  in  those  forms  (H.  pennatuhiSf  H.  triumvir,  etc.) 
in  which  the  edges  of  the  dorsal  face  are  folded  round  to  the  ventnil 

^  Mem.  Geol.  Surv.,  vol.  iii,  2nd  ed.  (1881),  p.  5o9,  pi.  x,  tigs.  19,  20. 
»  Holm:  S?er.  Kumb.  Sil.  Ilyol.  o.  Conul.  (1893),  t.  iii,  figs.  1-5,  6-11,  etc. 
»  Walcott :  **  Fauna  of  the  OleneUm  Zone''  (1890).  p.  020,  pi.  Ixxv,  figs.  1,  la  r. 
*  Holm  :  Sver.  Kamb.  Silur.  Hyol.  o.  Conul.  (1893),  t.  iii,  ttgs.  l-fj,  S-\\,  t\fc. 
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side  the  trilobation  of  the  ventral  face  is  very  marked.  Tb 
transverse  striation  is,  however,  a  feature  in  these  forms.  Th 
material  at  our  disposal  is  not  sufficiently  well  preserved  to  decid 
if  jET.  stdcaius  belongs  to  this  latter  group,  called  by  Holm  (op.  cit 
p.  154)  Magnidorsatif  subgroup  Carinati,  and  it  is  even  impossibl 
to  say  positively  if  our  specimens  exhibit  the  dorsal  or  ventral  fac 
of  the  shell,  though  I  am  inclined  from  the  resemblance  t 
ZT.  bij'ugosus  and  ZT.  Billingsi  to  consider  it  to  be  the  dorsal. 

Htolithes  tkilinkatus,  Salter.     (PL  VI,  Fig.  6.) 

1873.     Theea  tHlineatay  Salter  MSS. :  Cat.  Camb.  Sil.  Fobs.  Woodw.  Mus.,  p.  1 

{b  333). 
1891.     Hyolithes  trilifieatuSf  Woods  :  Cat.  Type  Foss.  Woodw.  Mus.,  p.  121. 

Salter  describes  this  form  as  ''  a  small  species  with  longitudini 
lines."  The  original  specimen  comes  from  the  base  of  the  Uppc 
Tremadoc,  Moel-y-Gest,  and  was  presented  by  Mr.  D.  Homfra] 
It  is  not  in  a  very  good  state  of  preservation,  and  shows  only  th 
inner  side  of  thid  dorsal  face,  but  there  are  several  other  specimei 
from  the  Tremadoc  beds  of  Tyn-y-llan,  Portmadoc,  which  show  th 
characters  more  distinctly. 

Diagnosis.  —  Shell  conical.  Apical  angle  15°.  Dorsal  fac 
provided  with  strong  median  longitudinal  carina  for  two-third 
of  its  length  from  pointed  apex.  Anterior  third  of  dorsal  fac 
flattened  with  prominent  semicircular  lip;  carina  obsolete  on  thi 
portion  of  shell.  Carina  bordered  by  a  sharp  deep  groove  on  eac 
side  which  likewise  die  out  in  front.  Between  these  grooves  an 
the  lateral  edges  of  the  dorsal  face  are  faint  indications  of  long 
tudinal  ribs.  On  the  anterior,  flattened  third  of  the  shell  two  wea 
indistinct  ribs  may  be  distinguished,  apparently  not  continue 
posteriorly  towards  the  apex. 

Faint  transverse  striss,  arched  forwards,  are  present.  (These  ai 
best  shown  on  some  of  the  Tyn-y-llan  specimens  in  which  the  she 
is  preserved,  but  are  visible  also  in  the  type-specimen.) 

Mbasurebients.  mm. 

A.ivIll^l'U         •••       •••       •••       •••       •••       •••       •••       XO 

Width  at  mouth        ...        ...        ...        ...        ...        ...  6 

Remabks. — This  species  resembles  H,  aratus  (Salter) '  from  tli 

Lower  (and  Upper  ?)  Tremadoc  in  the  raised  keel  along  the  dor« 

surface,  the  transverse  arched  strisB,  and  size  of  the  apical  angle,  bi 

differs  in  the  reduction  of  the  length  of  the  keel  and  flattening  < 

anterior  portion. 

EXPLANATION    OF    PLATE    VI. 

Fio.  1.  Conuiaria  clavus.      x  2 J. 

la.  Ditto,  showing  groove  at  angle,      x  2^. 

1^.  Ditto,  mouth,     x  2^. 

\e.  Ditto,  ornamentation,     x  10. 

2.  Conuiaria  bifasciafa,     Nat.  size. 
2a.  Ditto.      X  30. 

3.  Hyolithea  Homfrayi,      x  2. 

4.  B.  suleafus.      x  2. 


>> 
»» 


>» 


>» 


6.     JET.  trilineattts.      x  2. 


1  Hem.  Geol.  Sunr.,  vol.  iii,  2nd  ed.  (1881),  p.  559,  pi.  x,  figs.  16,  21. 
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VI. — Note  on  the  qemub  Tmabqocbras^  Hyatt. 
By  6.  C.  Crick,  F.6.S.,  of  the  British  MuBeum  (Natural  History). 

IN  a  recent  number  of  the  **  Neues  Jahrbuch"  (1901,  Bd.  ii,  Heft  3, 
pp.  158-170,  6  text  illust.)  Dr.  J.  F.  Ponipeckj,  of  Munich,  lias 
an  interesting  paper  on  the  genus  Tmaegoceras,  The  genus  was 
established  by  Hyatt  ^  in  1889  for  the  two  very  rare  Ammonites 
from  the  Lower  Lias  of  the  Alps,  Ammonites  latesulcatus,  F.  v.  Hauer,' 
and  Arietites  levis,  G.  Qeyer.'  To  these,  in  1899,  Q.  Bonarelli^ 
added  a  third  species,  Tmaegoceras  Paronai,  from  the  Lower  Lias 
of  the  Central  Apennines,  at  the  same  time  assigning  to  this  genus 
Schafhautl's  Ammoniten  Melli,^  But  as  Mojsisovics  ®  pointed  out  in 
1893,  Schafhautl's  species  is  a  TropiteSf  whilst  Ammonites  latesctdeatus, 
F.  V.  Hauer,  Arietites  levisy  Q,  Geyer,  and  Tmaegoceras  Paronai, 
6.  Bonarelli,  have  nothing  whatever  to  do  with  that  genus.  Of 
thme  three  species  Dr.  Pompeckj  regards  Ammonites  latesulcatus, 
F.  y.  Hauer,  and  Tmaegoceras  Paronai,  G.  Bonarelli,  as  generically 
identical,  and  with  them  he  unites  also  Quenstedt's  Ammonites 
iorsosnleaius ''  and  his  own  new  species  (T.  crassieeps^),  which  he 
describes  from  the  Lower  Lias  (zone  of  Arietites  Bucklandi)  in  the 
neighbourhood  of  Tiibingen  (Wiirttemberg).  He  considers  ^rte<t(«s 
^(«,  G.  Geyer,  to  be  a  true  Arietite,  probably  related  to  Arietites 
i^hioides  (d'Orb.),  Wiihner,*  or  Arietites  Cordieri,  Canavari.  *" 

As  emended  by  Pompeckj  the  genus  includes  the  four  following 
species : — 

1.  Tmaegoceras  latesnlcatum.  F.  v.  Hauer,  sp.    Lower  Lias  :  Adneth, 

Bischofsteinbruch  (Nordostalpen). 

2.  Tmaegoceras  dorsosulcatum,  F.  A.  Quenstedt,  sp.    Upper  boundary 

of   the  Zone  of  Schlotheimia    angulata :    Vailiingen,    near 
Stuttgart  (Wiirttemberg). 

'  A.  Hyatt,  *'  Genesis  of  the  Arietidiu''  :  Mem.  Mus.  Comp.  Zool.  Harvard  Coll., 
XTi,  No.  3  (1889),  p.,^126. 

*  P.  V.  Hauer,  **  Uber  die  Cephalopodcn  aus  dcm  Lias  der  nordostliohen  Alpen"  : 
Denkwhr.  Akad.  Wlssensch.,  Wien,  Bd.  xi  (1856),  p.  44,  pi.  L\,  figs.  1-3. 

'  G.  Gever,  "  Uber  die  liasischen  Cephalopoden  des  Hierlatz  bei  Hallstatt": 
Abhandl.  d.  k.k.  geol.  Reichsanst.,  Wien,  Bd.  xii.  No.  4  (1886),  p.  262,  pi.  iii, 
fi?s.  \Oa~c. 

*  G.  Bonarelli,  "  Cefalopodi  Sinerauriani  doll*  Appcn nine  Centrale"  :  Pabi'ontogr. 
ital..  vol.  V  (1899),  pp.  66-7,  fig.  1. 

*  Schafhautl ,  *  *  Geognostische  Untersuchungen  des  siidbaycrischen  Al pengebirgeB,' ' 
1851,  p.  107,  pi.  XV,  fig.  21. 

*  E.V.  Mojsisovics,  **  Die  Cephalopoden  der  HallstatterKalke'* :  Abhandl.  d.  k.k. 
geol.  Reichsanst.,  Bd.  vi,  Xo.  2  (1893),  pp.  201,  202,  207. 

'  F.  A.  Queantedt:  **  Die  Ammoniten  des  Scbwiibiscbcn  Jura,"  p.  109,  pi.  liii, 
fi?8.  33-35  (1885). 

*  J.  F.  Pompeckj,  "  Ueber  Tma^'goceras^  Hyatt":  Neuos  Jabrb.,  1901,  ii, 
pp-  162-165,  text-figs.  \a-i. 

*  Fr.  Wabner:  *'  Beitriigc  zur  Kenntnisa  der  tieferen  Zonen  dos  unteren  Lias  der 

nordoHlicben  Alpen"  (Beitr.  zur  Pal.  Osterr.-Ung.,  etc.,  Bd.  vi,  1888),  p.  164, 
pi-  uv,  fig^  5. 

"^  Fr.  Wahner :  op.  cit.,  vi  (Beitr.  zur  Pal.  Osterr.-Ung.,  etc.,  Bd.  viii,  Kelt  \, 
^891),  p.  193,  pi.  xvii,  figs.  1-4 ;  pi.  xviii,  figs.  1-6. 
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3.  TmaegoceroB    eraastceps,    u.sp.     Zone    of  Arietitea    Buckla 

neighbotirbood  of  Tiibingen  (Wiirttemberg). 

4.  Tmaegoceras  Paronai,  G.  Bonarelli.     Zone  of  Arietitea  ohiuaua 

Ponte  Grosso,  near  Ponte  Alto  (Central  Apennines). 

• 

We  note  that  in  his  paper  Dr.  Porapeokj  makes  no  referenc 
Michelin's  Ammoniiea  Lacordarii  [atret]  *  from  the  Lower  Lis 
France,  and  the  object  of  the  present  note  is  to  call  attentio 
that  species,  because  it  seems  to  be  related  to  Hyatt's  genus. 

Michelin*8  description  of  the  species  is  as  follows : — 

"  A.  test&  discoided ;  inftuctibus  4-5,  subiuvolutis  IsBvibus  ;  latei 
oonvexis  ;  canaliculatis  prop6  penultimum  anfractum  ;  dorso  carin 
caring  parvd,  ad  utramque  partem  alt6  canaliculate  ;  aperture  oblo 
in  medio  depress^. 

"  Latit.  testae  [  =  diameter]  90  millim.  ;  latit.  inf.  ult.  [  =  heigh 
outer  whorll  30  millim.  ;  latit.  anf.  penult.  [  =  height  of  penultii 
whorl]  20  millim.  ;  latit.  apert.  [  =  wiclth  of  aperture]  42  millim.  ;  1 
apertur.  [  =  height  of  aperture]  30  millim. 

*'  Cette  espbce  d'Ammonite,  qui  est  fort  rare,  et  dont  je  doi 
connaiasance  k  mon  ami  M.  Lacordaire,  ing(^nieur  en  chef  du  cana 
Bourgogne,  a  (5td  trouvee  par  lui  dans  des  couches  subordonn^  du  ] 
aux  environs  dc  Pouilly  eu  Auxois,  d^partement  de  la  C6te-d'0r. 
est  k  r6tat  de  moule  intdricur,  et  ne  paralt  pas  avoir  eu  une  plus  gn 
dimension,  attendu  qu'on  ne  voit  la  trace  d'aucune  cloison  sur  les  i 
quarts  du  dernier  tour. 

*'La  car5uo,  se  trouvant  plus  basso  que  les  deux  c6tes  extdrioura 
canaux  qui  Taccompagnent,  aonnc  au  doR  de  cette  coquille  Taspect  d 
comiche. 

"  Ma  collection  et  celle  de  M.  dc  Roissy." 

The  description  is  accompanied  by  three  figures  representing 
lateral,  apertural,  and  peripherul  aspects  of  the  type- specimen, 
suture-line  is  not  figured  separately,  but  it  is  depicted  in  the  lat 
and  apertural  views  of  the  fossil. 

We  have  not  seen  au  example  of  this  rare  species,  nor  do 
know  where  Michelin's  type  is,  but  there  is  in  the  British  Mus 
Collection  [register  number  37,150]  a  plaster  cast  of  the  t; 
specimen,  and  it  seems  to  us  most  probable  that  the  species  beh 
to  Hyatt's  genus  Tmaegoeeraa.  To  the  dimensions  given  abo^ 
may  be  added  that  the  width  of  the  umbilicus  is  40  mm.  Miche 
figures  give  a  very  good  idea  of  the  general  form  of  the  specix 
but  the  suture-line,  though  probably  well  shown  on  the  fossil,  doee 
appear  to  be  at  all  accurately  drawn.  The  suture-line  has  not  1 
reproduced  on  the  cast.  The  general  form  of  the  species  appeal 
come  very  near  Pompockj's  new  species  T,  craasicepa  and  Bonarc 
r.  Paronaif  and  the  suture-line,  accord  in  p^  to  Michel  in's  fig 
certainly  suggests  the  characters  of  that  of  Von  Hauer's  Ammoi 
lateauleatua,  the  type  of  Tmaegoceras,  rather  than  that  of  an  Artei 

1  II.  Michelin:  Mag^.  de  Zool.,  v  (1835),  (Uasse  6,  pi.  67. 
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YIL—SoMS  Railway  Cuttimos  in  Suffolk. 
By  Horace  B.  Woodwabd,  F.B.S. 

1.    Tarmouih  and  Lowestoft  Direct  Bailway. 

YARMOUTH  and  Lowestoft  have  long  been  connected  by  railways, 
but  although  the  Great  ESastem  Company  had  provided  a  choice 
of  routes,  there  was  no  direct  way.  This  is  now  in  process  of 
ooDstniotion  by  a  joint  arrangement  between  the  Great  Eastern, 
Great  Northern,  and  Midland  Railway  Companies;  and  the  route, 
for  the  most  part  within  a  mile  of  the  sea-coast,  is  from  the  Great 
Eastern  Station  at  Liowestoft  through  Gunton,  Hopton,  Corton,  and 
Gorleston  to  the  Yarmouth  Beach  Station,  a  distance  of  a  little  more 
than  nine  miles. 

Where  the  new  railway  leaves  that  of  the  Great  Eastern  Company, 
about  half  a  mile  west  of  the  Lowestoft  Station,  there  is  a  cutting  in 
buff,  false-bedded,  slightly  gravelly  sand  belonging  to  the  Middle 
Glacial  Drift.  Further  on,  Boulder-clay  was  cut  into,  to  the  east  of 
Kormanston  Court,  and  it  has  there  been  burnt  for  ballast  A  few 
glaciated  Belemnites  were  noticed,  but  derived  fossils  were  not  so 
plentiful  as  in  some  other  localities. 

South  of  St  Margaret's  Church  and  east  of  Normans  Hurst  the 
jaoction  of  the  Boulder-clay  with  underlying  Middle  Glacial  sand 
was  well  shown  in  the  railway  cutting  on  the  north  side  of  the  road. 
The  Boulder-clay  contained  much  chalk  and  many  flints  and  galls  of 
Band,  and  it  rested  on  buff  sands.  At  the  junction  a  good  deal  of 
sand  was  incorporated  with  the  Boulder-clay,  and  the  sand  was 
streaked  with  chalky  detritus.    The  sand  below  was  exceedingly  fine. 

East  of  St  Margaret's  Church,  sand  and  pebbly  gravel  (Plateau 
Drift)  were  exposed,  while  to  the  north  of  the  main  road  to  Corton, 
beyond  Belle  Vue  Park,  a  wide  excavation  for  the  railway-station 
showed  the  following  sequence  : — 

ft.  in. 
Soil  with  much  blown  sand         1  ft.  to        16 

PUteau  Grave.    {J^Z^^.C  ^        «    ^ 


Middle  OlacUl     \  ^^,  ^"i!?"  "^t^  Ti**  ""^  ^''"^  ' ' ' 

\  Sand  with  streakB  ot  loam 


1     6 
4     6 


The  pebbly  gravel  consisted  chiefly  of  flint  and  quartz,  with  a 
few  large  blocks  of  flint  and  yellow  micaceous  sandstone.  In  one 
part  it  rested  irregularly  on  the  beds  below,  cutting  into  them, 
while  elsewhere  there  appeared  absolute  conforraity.  Such  a 
section  suggests  that  when  one  gravel  is  deposited  on  top  of  another, 
a&d  perhaps  largely  constructed  from  it,  it  may  be  so  welded  on  to 
it  that  all  evidence  of  break  it*  obliterated.' 

Further  on  to  the  north  of  Corton  Long  Lane,  a  cutting  showed 
sandy  and  gravelly  soil  on  stiff  loam  and  Chalky  Boulder-clay,  the 
loam  being  in  part  decalcified  Boulder>clay,  but  not  wholly  so.  In 
the  Boulder-clay  at  Corton,  there  were  irregular  masses  of  yellowish 

^  Sec  also  Geol.  Mao.,  1902,  p.  30. 
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and  reddish  brown  sand,  ooarser  than  the  sand  which  locally  uni 
lies  it,  and  containing  angular  flints  and  many  flint  pebbles.  1 
did  not  lie  in  eroded  hollows,  bat  was  evidently  incorporated 
the  Boulder-olay.  The  sand  was  slightly  indurated,  and,  in 
weather,  it  had  separated  from  the  Boulder-olay,  and  broken  ai 
in  smooth  dogger-like  m€isses,  whioh,  however,  merged  upwf 
into  the  loam  or  decalcified  Boulder-clay.     (Fig.  1.) 

'     •  '     •     •    Ml  V  .•    '     •       •  '-  •*    '*  A- 


O        I 


ivj 


.  s  ^ 


Fio.  1. — Section  west  of  Gorton. 
4.  Boulder-clay.     3.  Indurated  sand.    2.  Boulder-clay.     1.  Middle  Glacial  Sa 

Near  St.  Bartholomew's  Church,  at  the  junction  of  the  Bouh 
clay  with  the  underlying  buff  sand,  a  thin  pan  of  ironst 
occurred,  and  here  and  there  fine  chalky  detritus  was  present 
the  sand.  Buff  sand  was  also  incorporated  at  the  base  of 
Boulder-clay,  while  the  portions  beneath,  to  a  depth  of  two  f 
showed  distinct  evidence  of  disturbance.  (See  Fig.  2.)  The  Boulc 
clay  here  contained  septaria,  iroustone  nodules,  and  Jurassic  fosc 
also  fragments  of  lied  Chalk. 


y  •^ 


'     ^ 


Fio.  2. — Section  near  St.  Bartholomew's  Church,  Gorton. 
2.  Boulder-clay.     1.  Middle  Glacial  Sand. 

South  of  Hopton  there  was  a  cutting  in  Boulder-clay  with  b 
and  there  at  the  base  coarse  sand,  which  was  slightly  indurated 
the  junction  and  merged  downwards  into  fine  current- bedded  I 
sand.  This  coarse  sand  we^  stained  red  and  precisely  like 
masses  elsewhere  incorporated  in  the  Boulder-olay.  Here,  agi 
the  sands  below  the  Boulder-clay  were  distinctly  contorted,  and 
places  where  the  junction  was  less  even.  At  one  spot  the  » 
contained  scattered  pieces  of  a  broken  ochreous  band.  (Fig. 
Elsewhere,  between  Boulder-clay  and  sand  there  was  a  layei 
unctuous  clay  and  loam  streaked  with  chalky  detritus. 

North  of  Hopton  the  cutting  showed  10  feet  of  sand  and  gra' 
and  beyond  Kennel  House  brown  and  white  sand  belonging  to 
Middle  Glacial  Drift,  overlaid  by  5  to  8  feet  of  angular  and  peb 
Plateau   gravel.     This   gravel    was   bleached  and  contained   mt 
unworn  flints,  as  well  as  pebbles  of  flint,  quartz,  etc. 
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In  the  long  catting  at  Oorleston  fine  sections  were  to  be  seen  of 
Mse-bedded  gravelly  sand  with  worn  fragments  of  Oyprina,  Cardium, 
and  other  derived  shells,  and  on  top  of  this  drift  there  was  a  patch 
of  Boalder-clay  to  the  south-west  of  St  Andrew's  Church. 


Pio.  3. — Sbction  south  op  Hopton. 

3.  Bfiulder-clay.    2.  Middle  Glacial  Sand  with  broken  ochrooiu  band.     1.  Middle 

Glacial  Sand. 

Beyond  G^orleston  the  railway  traverses  the  marshland  below 
Breydon  Water,  and  terminates  on  the  Blown  Sand  and  Shingle  to 
the  north  of  Yarmouth. 

2.    Cutting  at  Halesworth. 

The  widening  of  the  Great  Eastern  Railway  just  north  of 
flalesworth  Station  opened  up  during  June  of  last  year  (1901), 
a  fine  section  of  the  Chalky  Boulder-clay  with  an  included  mass 
of  chalky  and  flinty  gravel  and  seams  of  clay.  At  the  northern 
end  of  the  cutting,  which  was  made  on  the  eastern  side  of  the 
railway,  the  Boulder-clay  contained  nests  of  brown  and  fine  white 
sand,  also  a  mass  of  shattered  chalk  ;  and  it  presented  its  usual 
characters  of  stiff  blue  clay  with  many  glaciated  pieces  of  chalk 

X.  S. 


Fio.    4.  —  Section    at    Haleswokth    Station. 
Chalky  Boulder-clay  with  included  gravelly  bed. 

and  septaria,  unrolled  fiints,  fragments  of  Ked  Chalk,  Kimeridge 
Shale,  and  numerous  Jurassic  Ammonites  and  Belemnites.*  Of  most 
interest  was  the  gravelly  mass  (Fig.  4),  which   was  made  up  as 

follows : — 

feet. 

Brown  loamy  and  chalky  gravel            4  or  6 

Slightly  indurated  clayey  and  marly  band  with  flints, 

and  fragments  of  shale       ...         ...         ...         ...  1^ 

White  and  Duff  sand  vnth  chalk  grains,  and  seams  of 

chalky  and  flinty  gravel      5  or  6 

Brown  stony  clay            ...         ...         ...         ...         ...  2 

Very  fine  sand      ...         ...         ...         •.•         ...         ...  1 

Chalky  and  flinty  gravel             7  or  8 

Brown  marly  clay           ...        ...         •..        ...        ...  ^ 

The  gravelly  beds  contained  numerous  pebbles  of  chalk,  many 
tlack  flint  pebbles,  and  pebbles  of  quartz  and  quartzite,  as  well  as 

'  A  coUection  of  the  fossils  has  been  made  by  Mr.  Charles  Ganz^  oi  A\^\ioio>i!^. 
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angular  flints  and  broken  flints.  Such  a  deposit  was  evidently 
formed  by  a  stream  due  to  melting  of  the  debris-laden  ice,  and  its 
chalky  constituents  have  been  preserved  owing  to  the  protection 
afforded  by  the  Boulder-clay,  for  as  a  rule  the  Glacial  gravels  are 
decalcified. 

It  is  from  beds  of  this  nature  in  the  Boulder-clay  that  supplies 
of  water  are  sometimes  met  with  by  well-sinkers. 

The  cutting  extended  about  15  chains,  and  in  its  highest  part  was 
about  25  feet  above  the  rails. 
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I. — The  Gold  Fields  op  Wainad,  in  Southebn  India.  By 
H.  H.  Hayden,  B.A.,  P.G.S.,  and  F.  H.  Hatch,  Ph.D.,  F.G.8. 
Memoirs  of  the  Geological  Survey  of  India.  8vo ;  vol.  xzxiii, 
pp.  48,  with  seven  plates.     (Calcutta,  1901.) 

THE  Geological  Survey  of  India  have  issued  a  memoir  dealing 
with  the  goldfields  of  Wainad  in  the  Malabar  District.  Mining 
operations  having  been  recently  abandoned  as  unproductive,  and 
reports  by  previous  experts  on  their  value  being  conflicting,  a  more 
exhaustive  mineral  survey  than  any  hitherto  undertaken  was  made 
by  Mr.  H.  H.  Hayden  and  Dr.  F.  H.  Hatch,  the  services  of  the 
latter  as  a  mining  specialist  being  temporarily  secured  by  the  Indian 
Government.  Topical  reefs  having  been  selected,  their  systematic 
examination  was  proceeded  with,  and  numerous  specimens  obtained 
at  fixed  intervals  were  analyzed  at  Calcutta.  The  results  of  the 
analyses,  averaging  about  2  dwt  of  gold  to  the  ton,  are  disappointing, 
and  corroborate  the  opinion  formed  on  the  ground  that  the  grade  of 
ore  is  too  low  to  justify  the  further  exploitation  of  the  district  The 
region  furnishes  a  striking  example  of  the  unreliability  of  old  native 
workings  as  a  safe  criterion  of  the  existence  of  payable  metal. 
With  the  employment  of  forced  labour  along  surface  outcrops  and 
the  use  of  primitive  machinery  the  cost  of  production  is  necessarily 
reduced  to  a  minimum,  and  the  popular  idea  that  the  crude  methods 
of  the  ancients  necessitated  the  presence  of  high-grade  ore  is 
a  fallacy  that  should  be  taken  to  heart  by  investors  in  other  parts 
of  the  world  at  present  under  exploitation.  J.  B.  H. 

n. — Pebim   Island   and    its    Relations    to  the  Area  of  the 
Red  Sea.     By  Catherine  A.  Raisin,  D.Sc.^ 

THIS  paper  describes  briefly  rock  specimens  from  Perim  Island 
collected  and  placed  at  the  disposal  of  the  authoress  by  Captain 
J.  A.  Rupert  Jones,  now  stationed  at  Aden. 

The  island,  as  shown  in  the  Admiralty  chart,  has  somewhat  of 
a  horseshoe  shape,  enclosing  a  harbour  opening  to  the  south.  Low 
plains,  less  than  12  feet  above  sea-level,  extend  in  from  the  coast, 
especially  at  the  north,  and  consist  of  raised  beaches,  but  most  of 
the  southern  and  eastern  parts  are  hilly,  reaching  249  feet  at  the 
highest  point. 

'  Bead  before  the  British  Afisbciation,  Section  C  (Geolog}),  Glasgow,  Sept.,  1901. 
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The  specimens  sent  are  all  from  volcanic  rocks.  The  surface, 
aooording  to  Captain  Rupert  Jones,  is  composed  mostly,  to  a  depth 
of  about  7  feet,  of  loose  blocks  (4  feet  or  less  in  diameter),  often 
imbedded  in  calcareous  sand  or  mud.  The  underlying  rock  is 
exposed  in  clififs  and  in  quarries,  and  occurs  generally  in  roughly 
horizontal  layers.  One  mass  in  sitH  (near  Balfe  Point)  is  a  not 
Tery  basic  ba^lt  (almost  an  andesite)  crowded  with  felspar  microliths 
with  marked  fluidal  orientation,  and  is  probably  a  lava-flow.  Another 
reddish  rock  with  scattered  rounded  vesicles  (from  a  difif  north-east 
of  the  harbour)  approaches  a  microcrystalline  basalt  in  character, 
and  consists  of  much  plagioclase,  clear  gum-like  augite,  some  red- 
brown  ferruginous  olivine  or  pyroxene,  and  a  little  black  speckled 
glassy  base.  In  another  spot  (near  Balfe  Point)  a  whitish  tuff  or 
fine  agglomerate  is  quarried,  and  consists  largely  of  fragments  of 
pumice  with  some  broken  felspar,  augite,  and  other  crystals. 

The  surface  blocks  in  one  or  two  examples  consist  of  fragmental 
rocks.  One  is  a  red,  more  basic  tuff,  containing  thin  black  streaks, 
apparently  of  a  spherulitic  glass.  The  blocks,  however,  are  mostly 
looriaceous  and  vesicular,  petrologioally  generally  basaltic,  and 
tioiilar  to  the  underlying  rocks  described  above,  but  with  some 
variation,  as  if  they  might  represent  a  broken  lava  crust.  They 
are  crossed  by  veins  of  calcite,  and  the  ashy  materials  and  other 
fragments  are  often  cemented  by  calcareous  deposits. 

The  history  of  Perim  Island  belongs  mainly  to  the  Tertiary  era. 
We  may  infer  that  the  Red  Sea,  from  its  general  contours  and  the 
steep  descent  of  the  bed  towards  a  central  depression,  forms  part 
of  the  Great  Rift  Valley,  extending  from  Lake  Tanganyika  to  the 
Jordan,  along  which  at  so  many  places  volcanic  outbursts  on  a  large 
scale  have  occurred.  Both  in  Arabia  and  in  Abyssinia  extensive 
tracts  of  volcanic  rocks  are  found  of  more  than  one  period.  The 
rucks  of  Perim  belong  probably  to  the  later  or  so-called  Aden  group. 
The  raised  beaches  of  the  island  are  an  evidence  of  oscillations  of 
level,  which  are  proved  by  upraised  and  submerged  coral  reefs  to 
have  affected  other  parts  of  the  Red  Sea.  Denudation  and  weathering 
of  the  surface  took  place,  and  calcareous  sediment  was  deposited, 
while  at  different  times  coral  reefs  became  established  in  the  adjacent 
shallow  seas. 

S  E  "V^  I  E  "VT^  S- 

I.-— Catalogue  of  the   Fossil   Fishes   in   the   British   Museum  \ 

(Natueal  History).  By  Arthur  Smith  Woodward,  LL.D., 
F.KS.,  F.G.S.  Part  IV:  pp.  xxxix,  636,  with  lU  Plates  and 
22  Figures.     8vo.     (London,  1901.) 

B.  A.  SMITH  WOODWARD  and  the  British  Museum  are  to 

be  congratulate<l  on  the  completion  of  this  important  memoir 

on  Fossil   Fishes,   the  fourth  volume  of  which  has  been  for  long 

anxiously  expected  by  all  Ichthyologists.     For  those   specially  «A. 

^ork  among  the  fossil  forms,  it  will  be  a  welcome  and  an  \iid\speii«8\A"ft 
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aid.  We  have  no  other  modem  book  dealing  in  detail  with  the 
whole  group  of  Fossil  Fishes,  from  all  parts  of  the  world  ;  and 
as  a  work  of  reference  these  four  volumes  may  be  regarded  as 
a  companion  of  the  ''  Recherches  sur  les  Poissons  Fossiles/'  by  Louis 
Agassiz,  which  was  completed  in  1848.  The  simple  and  unosten- 
tatious title  of  **  Catalogue "  under  which  Dr.  Smith  Woodward's 
work  is  published  is  misleading.  It  is  true  that  it  includes  a  catalogae 
of  the  British  Museum  Fossil  Fishes,  but  it  is  much  more  than 
appears  from  the  title :  it  is  a  critical  revision  of  this  interesting 
but  difficult  assemblage  of  fossils,  bringing  together  the  work  of 
the  last  fifty  years,  which  has  been  scattered  through  various 
publications  in  all  parts  of  the  world.  Moreover,  to  each  species, 
genus,  and  larger  group  characteristic  descriptions  are  given,  as 
well  as  their  synonyms,  and  this  renders  the  so-called  "  Catalogue " 
a  memoir  of  the  Fossil  Fishes  which  will  be  of  permanent  value,  and 
cannot  fail  to  be  the  work  of  reference  for  a  long  time  to  come. 
The  British  Museum  possesses  an  unrivalled  series  of  fossil  fishes, 
accumulated  during  many  years,  and  including  several  well-known 
and  valuable  collections.  Free  access  to  such  an  extensive  collection 
was  a  necessity  before  a  task,  like  that  undertaken  by  Dr.  Smith 
Woodward,  could  be  entered  upon  with  any  hope  of  success ;  but 
in  the  work  now  before  us  the  author  has  shown  how  fully  he 
has  been  able  to  take  advantage  of  these  materials,  by  producing 
a  memoir  which  is  an  honour  to  himself  and  to  the  institution  under 
whose  auspices  it  is  published. 

It  is  now  twelve  years  since  the  first  volume  was  issued,  the 
second  volume  appearing  in  1891,  and  the  third  volume  in  1895 ; 
each  of  these  being  noticed  in  this  Magazine.^  Now,  after  an 
interval  of  six  years,  we  welcome  the  fourth  volume,  which  completes 
the  work. 

The  first  volume  is  entirely  devoted  to  the  fossil  Elasmobranchii, 
the  Sharks  and  Rays  as  we  ordinarily  understand  them,  and  is  thus 
complete  in  itself;  but  the  fishes  with  shagreen-like  scales  and 
spines  to  their  fins,  known  as  the  Aoanthodii,  seem  to  bridge  over 
&e  gap  between  ordinary  Sharks  and  certain  forms  that  were 
fom^erly  classed  as  ganoids.  Although  the  Acanthodii  are  included 
by  Dr.  Smith  Woodward  in  the  Elasmobranchii,  yet  he  has  found 
it  convenient  to  place  them  at  the  beginning  of  his  second  volume, 
which  also  contains  the  Holocephali  (Cbimeeroids),  the  Ostraoodermi 
(Cephalaspia  and  Fteraspis),  the  Dipnoi  {CoccosieuSy  Dipterus, 
Ceratodus,  etc.),  and  a  part  of  the  Teleostomi.  The  last-named 
subclass  embraces  all  the  ganoids  not  included  in  the  above- 
mentioned  groups,  as  well  as  the  true  bony  fishes  or  Teleosteans. 
The  Teleostomi  are  divided  by  Dr.  Smith  Woodward  into  the 
Crossopterygii,  or  those  fishes  with  lobed  or  fringed  fins,  and  the 
Actinopterygii,  those  with  ordinary  non-lobed  fins.  The  Crossop- 
terygii are  treated  of  in  the  second  volume,  as  well  as  the  Paleeozoio 
Actinopterygii  belonging  to  the  Chondrostei,  namely,  Palaoniacw, 
PlatysomuB,  and  their  allies.     The  third  volume  is  practically  an 

^  See  Gbol.  Mao.,  1889,  p.  366  ;  1891,  p.  132  ;  and  1896,  p.  124. 
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toooont  of  the  Jurassio  ganoids,  or  those  ActinopterygiaD  Teleostomi 
that  were  dominant  during  the  deposition  of  the  first  half  of  the 
Sooondary  rooks,  and  inolades  saoh  genera  as  Ohondrosteus,  Semiouoius, 
LepidotuM,  DapediuM,  Enynaihua,  Pachyeormus,  and  Fholidophorui, 
Many  forms  of  Pyonodonts  are  desoribed  both  from  Jurassic  and 
Cretaoeous  rooks,  while  Zophtostomua  and  Protosphyrana  are  repre- 
lentative  genera  of  Cretaceous  age.  Amta  and  Lepidosteus  are 
Tertiary  types  of  these  fishes  which  have  continued  to  exist  to  the 
present  day. 

The  fishes  which  remain  for  consideration  are  just  those  which 
have  for  so  long  been  known  as  Teleosteans,  or  true  bony  fishes, 
lod  the  fourth  volume  of  the  work,  now  published,  is  really  an 
woonni  of  the  Bony  Fishes  of  the  Cretaceous  and  Tertiary  formations. 

The  present  volume  begins  with  Isospondylous  Aotinopterygii ; 
that  is,  those  fishes  with  non-lobate  fins,  which  have  vertebrae  more 
or  less  ossified,  without  indications  of  pleurocentra  or  hypooentra, 
and  having  none  of  them  fused  together ;  the  lower  jaw  also  is 
farmed  of  only  two  or  perhaps  three  distinct  bones.  The  three 
families  of  these  fishes  which  have  the  closest  affinities  with  the 
old-time  ganoids,  were  included  with  those  forms  in  the  previous 
volume. 

Among  the  remaining  families  of  the  Isospondyli  are  to  be  found 
many  remarkable  genera  of  Cretaceous  bony  fishes  ;  and  these,  with 
the  other  suborders,  may  now  be  considered  more  in  detail.  The 
Ifiospondyli  include  among  them  the  Elopidse  and  Chirocentridas, 
which  are  *'  the  most  important  Cretaceous  families  of  primitive 
bony  fishes  "  ;  they  were  at  that  period  particularly  abundant  and 
widely  distributed,  and  a  few  of  their  descendants  are  living  at 
the  present  day.  The  Elopidad  are  of  especial  interest,  inasmuch 
as  they  retain  the  gular  plate,  so  characteristic  in  Jurassic  fishes, 
aod  here  appearing  for  the  last  time ;  indeed,  in  some  of  the  genera 
it  is  quite  rudimentary,  hteus  is  a  noteworthy  genus,  on  account 
of  its  close  relationship  with  the  living  deep-sea  Bathythrissa, 

In  the  Cretaceous  period  were  many  and  striking  forms  allied 
to  the  living  but  primitive  Chtrocentrus ;  among  these  may  be 
mentioned  the  giant  Portheua  of  North  America,  which  is  represented 
also  in  this  country  by  more  than  one  species.  Tlie  well-known 
Saurodon  and  Sauroeephaltis  are  likewise  members  of  this  family, 
and  Dr.  Smith  Woodward  regards  the  ThrissopB  of  the  Upper 
Jurassic  as  a  near  ally. 

Some  years  ago,  it  will  be  remembered,  the  reptilian  jaw  which 
Owen  called  MoiatauruB  gracilis ,  now  in  the  Brighton  Museum, 
was  relegated  to  the  piscine  genus  Pachyrhizodus,  of  the  family 
Elopidao ;  it  is  pleasing,  therefore,  to  know  that  a  renewed  examination 
of  the  type  shows  the  correctness  of  Owen's  determination,  and  that 
this  specimen  is  to  return  to  its  place  among  the  Mosasaurian  reptiles. 

True  Clupeoids  are  well  represented  in  the  Cretaceous  rocks,  "  and 
their  skeleton  is  so  closely  similar  to  that  of  the  typical  Jurassic 
^ptolepidao  that  they  may  well  be  direct  descendants  of  the  latter. 
•   •    .    .     Most  of  the  Cretaceous  forms  are  typical  C\u^^\&«6,  ^tA 
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they  have  scarcely  changed  daring  sabseqaent  epochs.  A  few, 
however,  discovered  only  in  the  Cretaceous  rocks,  are  of  especial 
interest  as  exhibiting  the  precocious  development  of  a  character, 
namely  the  pelvic  fins  near  to  the  pectoral  arch,  which  was  never 
permanently  acquired  by  fishes  with  so  primitive  a  skull,  bat  soon 
became  the  common  feature  of  the  spiny-finned  or  acanthopterygian 
families."  These  aberrant  forms  have  another  interest  for  geologists 
who  have  made  the  Chalk  their  special  study.  These  precocious 
herrings,  if  we  may  so  call  them,  are  none  other  than  the  characteristic 
fishes  of  the  Chalk,  which  we  have  all  along  known  as  Beryx,  or 
rather  it  is  that  portion  of  them  left  to  us  after  Dr.  Smith  Woodward 
had,  about  twelve  years  ago,  removed  some  of  the  species  to  the 
genus  Hoplopteryx,  But  now  we  learn  that  oar  supposed  Cretaceous 
representatives  of  the  deep-sea  Beryx  are  little  more  than  common 
herrings,  and  do  not  even  belong  to  the  family  of  the  Berycidsd ; 
they  have  been  renamed  Ctenothrtssus,  and  placed  in  a  new  family,  the 
Ctenothrissidse.  Beryx,  it  is  said,  is  not  certainly  known  as  a  fossil. 
The  Chalk  without  Beryx  is  almost  like  "Hamlet'*  without  the 
central  figure.  Much  as  we  may  regret  this  change  of  names,  we 
must,  even  while  smarting  under  the  correction,  appreciate  the 
acumen  which  has  detected  the  form  of  the  lowly  herring  under 
the  guise  of  the  highly  specialized  Beryx,  and  be  thankful  for  the 
elimination  of  a  fundamental  error. 

Dr.  Smith  Woodward  says  that  these  Ctenothrissidae  are  essentially 
Clupeoids  with  the  pelvic  fins  displaced  forwards  and  situated  nearly 
under  the  pectorals.  If  this  be  so  it  is  a  remarkable  fact,  and  not 
a  little  difficult  to  understand  why  these  should  have  become  extinct, 
while  other  fishes,  which  underwent  a  similar  modification  during 
the  Cretaceous  era,  have  retained  it  until  the  present  day  and  have 
become  a  predominant  race. 

The  true  family  of  the  Clupeidae  does  not  seem  to  be  represented 
in  British  Cretaceous  rocks,  although  occurring  in  deposits  of  that 
age  in  other  parts  of  the  world  ;  it  is  especially  abundant  in  the 
Upper  Cretaceous  beds  of  the  eastern  Mediterranean.  In  Tertiary 
times,  however,  these  fishes  were  certainly  living  in  the  British 
area  and  had  an  almost  worldwide  distribution. 

The  DecertidsE),  those  remarkable  elongated  fishes  with  longitudinal 
rows  of  paired  scutes  with  which  we  are  familiar  in  the  English 
Chalk,  are  known  only  from  beds  of  that  age,  but  had  then  a  wide 
distribution.  *'  They  are  interesting  as  being  the  earliest  type  of 
fish  in  which  evidence  of  a  distensible  stomach  has  been  observed." 

The  well-known  Enchodus  and  its  allies,  which  are  exclusively 
Cretaceous  fishes,  are  variously  specialized  by  the  development 
of  large  teeth  and  dermal  scutes.  The  author  thinks  that  this 
family  may  have  furnished  the  ancestors  not  only  of  the  Berycidae 
but  also  of  the  Scopelidse. 

The  family  Esocidro,  with  its  only  genus  Esox,  is  also  included  in 
the  suborder  Isospondyli ;  it  is  sparsely  represented  in  later  Tertiary 
beds,  and  fragments  of  fishes,  which  cannot  be  distinguished  from  the 
common  pike,  Esox  Indus,  are  met  with  in  Pleistocene  deposits. 
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The  freah-water  Siloroid  and  Cyprinoid  fishes,  which  are  the  chief 
forms  incladed  in  the  sahorder  Ostnriophysi,  are  not  known  until 
the  Tertiary  period,  but  the  remains  met  with  in  the  Lower  Eocene 
ire  highly  specialized,  and  one  Siluroid.  at  least,  cannot  be  separated 
from  the  living  Anus. 

The  Eels,  which  are  comparatively  primitive  fishes,  showing  in 
many  points  degenerate  specialization,  are  represented  in  the 
Cretaceous  rocks  by  forms  displaying  most  of  their  peculiarities, 
except  the  absence  of  the  caudal  fin.  Dr.  Smith  Woodward  thinks 
these  fishes  could  not  have  been  derived  from  any  known  form 
of  Teleostean,  but  must  have  been  directly  descended  from  some 
Hesozoio  ganoid  form. 

Nearly  all  the  Cretaceous  Acanthopteryginn  fishes  are  referable 
to  the  Berycoids  and  Scombroids,  and  it  is  amon^  these  that  the 
oldest  true  Acanthopterygian  fishes  are  found.  The  Upper  Cretaceous 
genera  are  said  to  be  but  little  specialized,  *'  and  it  seems  probable 
that  they  actually  originated  at  about  the  period  of  deposition  of 
the  Chalk  of  the  northern  hemisphere.'*  Hoyloi)ieryx^  the  genus 
to  which  certain  species  fonnerly  called  Beryx  are  now  referred, 
b  remarkable  for  the  excessive  development  of  the  mucous  cavities 
tbout  the  head. 

The  presence  of  what  seems  to  be  a  true  Percoid  fish  in  the 
uppermost  Cretaceous  of  France  leads  Dr.  Smith  Woodward  to  infer 
that  many  such  forms  existed  during  that  period,  but  they  still 
remain  undiscovererl.  Scombroids  and  Berycoids  an*  found  in 
Tertiary  deposits,  and  "the  prinoipjil  types  had  already  appeared 
«irly  in  the  Eocene  period  ;  and  among  thope  fishes  thf>n»  ai»  many 
vrhich  cannot  be  di^tin^^uished  by  their  skeletons  from  j^enera  which 
still  survive."  Cod-fishes  and  flat-fishes  <lato  back  to  the  Oligocene 
and  Upper  Eocene,  but  no  generalizf'd  ancestor  lias  been  recognized. 

l)r.  Smith  Woodward  tells  us  that  **  as  soon  as  fishes  with  u  complete 
.wseous  endoskeleton  began  to  predominate  at  the  dawn  of  the  Cre- 
taceous period,  specialisations  of  an  entirely  new  kind  were  rapidly 
accjuired.      Until    this   time   the  skull    of  the   Actinoptery<;ii    had 

aiwtiys  been  remarkably  uniform  in  type The  pelvic 

fins  always  retained  their  primitive  remote  sitnation.  and  the  fin-rays 
never  became  spines.  During  the  Cretaceous  period  the  majority 
of  the  bony  fishes  began  to  exhibit  modifications  in  all  these 
characters,  and  changes  occurred  sr>  rapidly  that,  by  the  dawn  of 
the  Eocene  period,  the  diversity  observable  in  tho  dominant  fish- 
fauna  was  much  greater  than  it  had  ever  been  bt^fure.  At  this 
remote  epoch,  indeed,  nearly  all  the  ^v^*t\.i  ;^ronps  ot"  bony  fishes,  as 
represented  in  the  existing  world,  were  already  difterentiated,  and 
their  subsequent  modifications  have  been  quite  of  a  minor  character.** 

ITie  author  had  evidently  hoped  that  the  detailed  study  of  the 
Cretaceous  and  Tertiary  bony  fishes  would  have  thrown  greater 
light  on  the  origin  of  modem  forms,  for  ho  says  *•  the  result,  however, 
i*  much  less  satisfactory  than  might  havo  been  <*xpocted  from  tho 
study  of  animals  which  lived  under  oondititms  most  favourable  for 
^^eir  preservation  as  fi»ssils.     Tlie  ciicMin^la:ice  that  a  v^y"^  W^<b 
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proportion  of  the  Tt^rtiary  fishes  are  known  only  from  detached 
otoliths,  suffices  to  indicate  the  extreme  imperfection  of  the  geological 
record  in  their  case." 

The  comparatively  meagre  materials,  where  so  much  was  to  he 
expected,  lead  the  author  to  say  further  that  **  Palaeontology  has, 
indeed,  hitherto  revealed  as  little  concerning  the  origin  of  the 
dominant  Tertiary  fishes  as  of  the  Tertiary  mammals." 

This  seems  a  somewhat  extreme  view  after  Dr.  Smith  Woodward 
has  shown  us  so  many  affinities  between  the  Cretaceous  and  more 
modern  fishes,  and  is  perhaps  to  be  read  rather  in  the  light  of  his 
own  larger  expectations  than  as  a  conclusion  to  be  drawn  from  the 
premises  he  has  himself  laid  before  us  in  these  volumes.  To  make 
the  cases  of  the  Fishes  and  the  Mammals  parallel,  the  gap  between 
the  Tertiary  and  Mesozoio  fishes  should  have  been  at  least  as 
great  as  that  between  Teleosteans  and  Sharks.  But  whatever  may 
be  our  views  as  to  the  light  thrown  by  Cretaceous  fishes  upon  the 
origin  of  the  more  highly  developed  forms  of  the  Tertiary  period, 
there  can  be  but  one  opinion  as  to  the  extreme  value  of  the  work 
accomplished  by  Dr.  Smith  Woodward  among  fossil  fishes,  the 
results  of  which  are  embodied  in  these  four  volumes. 

Of  the  19  plates  which  illustrate  this  volume  18  have  been  drawn 
by  Miss  G.  M.  Woodward,  with  the  usual  excellent  result.  There 
are  perhaps  no  more  difficult  objects  to  draw  than  fragmentary  foHail 
fishes,  and  an  examination  of  these  plates  shows  the  extreme  oare 
which  h€U9  been  bestowed  upon  them.  We  are  told  that  the 
instructive  restorations  in  the  text  are  by  the  same  lady's  hand ; 
but  there  are  other  text  figures  the  origin  of  which  is  not  stated. 
The  figures  on  plate  xvii  are  evidently  reproductions  from  photo- 
graphs, and  are  admirable  representations  of  the  fossils. 

In  the  preface,  which  old  friends  will  be  pleased  to  see  signed 
by  Dr.  Henry  Woodward,  we  are  told  that  already  there  is  a  necessity 
for  a  supplementary  volume.  E.  T.  N. 

II. — Thk  Water  Supply  of  Berkshire  prom  Underground 
SouROBS.  By  the  late  J.  H.  Blake,  F.G.S.,  with  contributions 
by  WiLLiAJi  Whitaker,  F.R.S.  Memoirs  of  the  Oeological 
Survey.  8vo ;  pp.  llo.  (London :  printed  for  H.M.  Stationery 
Office,  1902.     Price  3a.) 

TWO  years  ago  attention  was  drawn  to  the  publication  of  a  memoir 
on  the  Water  Supply  of  Sussex,  and  the  present  work  may 
be  regarded  as  a  companion  volume.  There  is  a  general  account 
of  the  strata,  with  special  reference  to  their  water-bearing  capacities; 
there  are  records  of  numerous  borings  in  Berkshire,  and  some 
analyses  of  the  waters  are  given.  The  work  should  prove  of  great 
service  to  those  in  search  of  a  supply  of  water  in  the  county,  and  even 
*  diviners'  might  find  the  information  not  without  value.  The  records 
of  the  borings  will  also  prove  useful  to  those  who  are  studying  the 
varying  characters  and  thicknesses  of  the  strata,  and  the  underground 
geology  so  far  as  it  is  known.  Nowhere  at  present  have  Palssozoic 
rocks  been  reached  in  Berkshire. 
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I.-Jannary    22nd,    1902.— J.   J.    H.   Teall,    Esq.,    M.A.,   F.R.S., 
President,  in  the  Chair.     The  following  communications  were 
read: — 
1.  "  The  Fossiliferous  Silurian  Beds  and  Associated  Igneous  Bocks 

of  the  Clogher   Head  District   (County  Kerry)."      By   Professor 

Sidney  H.  Beynolds,  M.A.,  F.O.S.,  and  Charles  I.  Gardiner,  Esq., 

M.A.,  F.G.S. 

After  a  brief  account  of  the  bibliography  of  the  district,  the 
authors  proceed  to  give  a  detailed  description  of  the  coast  from 
Dnnquin  past  Clogher  Head  to  Coo8gl€iss  (south  of  Sybil  Point), 
and  of  the  western  side  of  Smerwick  Harbour.  They  next  deal 
with  the  inland  exposures,  which  are  not  very  frequent,  but  include 
considerable  rock-masses  at  Croaghmarhin  and  Minaunmore  Rock. 
The  rocks  consist  of  sandstones,  slates,  calcareous  flags,  ashes  and 
aahy  conglomerates,  rhyolitic  lava-flows,  and  various  intrusive  rocks. 
The  general  structure  is  an  S-shaped  fold,  inverted  towards  the 
north  so  that  the  dip  of  the  beds  is  approximately  south-easterly, 
and  the  oldest  beds  occur  to  the  north,  at  Coosglass.  Both 
anticline  and  syncline  are  faulted,  and  a  patch  of  Old  Red  Sandstone 
is  caught  in  under  the  synclinal  thrust  at  Coosmore.  Fossils,  mainly 
corals,  braohiopods,  lamellibraucbs,  aud  gasteropods,  are  fairly 
abundant ;  but  trilobites  are  rare  and  graptolites  absent.  The 
whole  of  the  fossiliferous  rocks  are  of  Silurian  age ;  the  majority 
of  those  exposed  on  the  coast  are  of  Wen  lock  or  Wenlock- Llandovery 
age,  while  the  majority  of  those  exposed  inland  are  of  Ludlow  age. 
The  general  classification  is  as  follows  : — 

LowEB  Devonian Dingle  Series.  Feet. 

Ludlow (  6.  Croaghmarhin  Beds  :  calcareous  sandstones  and 

\  tiugs  of  Ludlow  age    ?  1,000 

4.  Drom  Point  Beds about        600 

3.  Red  sandstones  and  ashes,  with  green  ash  at 

«rr  1  the  top 350 

XNLOCK I  2,  Clogher   Head  Series:    calcareous   flags    and 

slates,    with    abundant    contemporaneous 
igneous  rocks 550 

I  1.  Ferriter*8  Cove  Beds :  chiefly  calcareous  flags, 

'i^AVDOVERY  ^*^^  *  subordinate  development  of  contem- 

(  poraneous  igneous  rocks     2,300 

? Smerwick  Beds. 

Contemporaneous  volcanic  rocks  are  first  met  with  low  down  in 

the  Wenlock-Llandovery  Series,  and  reach  their  maximum  in  the 

Wenlock  Series,  especially  in  the  southern  part  of  the  area.     There 

are  ashes  bat  no  lavas  in  the  Ludlow.     The  volcanic  rocks  are  all 

of  acid  character,  and  include  nodular,  banded,  aud  non-banded 

rhyolites,  with  tuffs  and  ashes  both  coarse  and  fine.     The  Dingle 

Beds  appear  to  be  conformable,  but  movement  occurred  before  the 

Old  Red  Sandstone  Conglomerate  was  laid  down,  and  t\\©  ovfttfo\^\Ti^ 
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and  thrusting  probably  took  place  daring  the  poflt-Carboniferoos 
period  of  earth- movement.  Before  the  last  movement  fine-gprained 
diabasic  rocks  ('  greenstones  ')  appear  to  have  been  intruded.  The 
thickening  of  the  volcanic  rocks  to  the  southward  seems  to  indicate 
that  the  vents  must  have  been  situated  in  this  quarter.  The  beds 
as  a  whole  were  deposited  in  shallow  water  in  the  proximity  of 
land,  and  they  point  to  the  existence  of  rocks,  such  as  granites,  not 
now  known  at  the  surface  in  the  district 

2.  "  A  Process  for  the  Mineral  Analysis  of  Bocks."  By  W.  J. 
Sollas,  D.Sc.,  LL.D.,  F.R.S.,  F.G.S.,  Professor  of  Geology  in  the 
University  of  Oxford. 

The  method  proposed  is  to  obtain  a  quantitative  estimation  of 
ilie  mineral  composition  of  a  rock,  and  from  the  known  composition 
of  the  minerals  to  calculate  the  percentage  composition  of  the  rock. 
Tlie  specific  gravities  of  the  minerals  are  first  determined  by  means 
of  a  diffusion  column  of  methylene-iodide  and  beads  of  known  specific 
gravity,  and  the  presence  or  absence  of  particular  minerals  settled 
for  a  certainty.  Next,  the  separation  of  the  minerals  in  a  weighed 
quantity  of  the  powdered  rock  is  undertaken  by  means  of  a  special 
separator ;  the  method  being  illustrated  by  the  example  of  a  rock 
containing  orthoclase  (sp.  gr.  2*56),  quartz  (2'65),  andesine  (2*67), 
biotite  (3*1),  pyroxene  (3*3),  and  magnetite.  The  first  separation 
would  be  with  a  liquid  of  sp.  gr.  2*885,  the  mean  of  that  of  andesine 
and  biotite  ;  the  next  with  a  liquid  of  sp.  gr.  2*66  ;  the  next  2*605, 
and  80  on  for  the  other  constituents.  The  separated  minerals  are 
dried  and  weighed,  the  loss  distributed,  and  the  analysis  checked 
by  comparing  the  specific  gravity  of  the  rock  in  bulk  with  that 
calculated  from  the  specific  gravity  and  proportion  by  weight 
ot  its  constituents.  In  making  choice  of  particular  mineral  analyses 
for  calculating  the  chemical  composition,  there  are  three  guiding 
principles  :  the  analysis  should  be  that  of  a  mineral  obtained  from 
the  same  kind  of  rock  as  the  one  under  investigation ;  if  possible, 
from  the  same  locality  ;  and  with  the  same  specific  gravity.  The 
process  was  tested  on  specimens  of  kentallenite  supplied  by  Mr.  Teall 
and  of  gabbros  from  Skye  by  Mr.  Harker,  and  in  both  cases  the 
results  compared  closely  with  those  obtained  from  bulk  analysis 
of  the  same  rocks.  A  further  test  was  the  comparison  of  the  mineral 
analysis  by  Miss  Davies  of  a  specimen  of  Devonshire  granite  with 
Phillips^s  published  analysis  ;  also  of  syenite  from  the  Plauens'cher- 
grund,  and  of  tonalite  from  Adamello,  with  published  analyses. 


II.— February   oth,    1902.— J.   J.   H.   Teall,   Esq.,    M.A.,   F.R.S., 

President,  in  the  (Jhair. 

Mr.  H.  Bauerman,  in  exhibiting  a  remarkable  Crystal  of  Cinnabar 
from  the  Mercury-mines  in  the  province  of  Kwei-chau  (China), 
observed  that  it  was  a  completely  developed  penetration-twin  of 
two  rhomboheJra,  attached  to  a  mass  of  crystalline  quartz.  He 
drew  attention  to  the  simple  character  of  the  form  from  this  locality, 
atf  compared  with  those  of  the  crystals  from  Almaden  and  Avala. 
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The  following  oommunioations  were  read  : — 

1.  "The  Matrix  of  the  Suffolk  Chalky  Boulder-clay."  By  the 
Bev.  Edwiii  HUl,  M.A.,  F.G.S. 

The  author  has  heen  examining  with  the  microsoope  washeil 
remdaes  from  Boulder-clays.  He  is  ahle  to  group  together  the 
specimens  from  localities  along  a  belt  of  country  from  Lowestoft 
to  Bary  St.  Edmunds,  as  containing  granules  of  Secondary  clays  and 
limeatones.  Other  specimens  contain  granules  which  may  be  the 
■ame  kind  decomposed,  others  granules  of  other  kinds;  all  the^e 
lie  oatside  the  belt  occupied  by  the  group,  though  some  are  very 
near  it  The  granules  of  the  group,  derived  from  Secondary  rocks, 
may  all  have  come  from  the  west. 

Certain  peculiar  round  grains,  found  generally,  except  in  the 
extreme  east  and  north,  are  also  probably  from  Secondary  rocks, 
and  they  too  point  to  a  western  origin. 

The  clays  of  the  group,  though  some  occupy  the  coast-cliffs, 
oontain  so  little  sand,  that  they  cannot  be  supposed  to  have  been 
broaght  from  the  side  of  the  sea,  that  is,  from  the  east. 

All  the  residues  have  been  examined  for  coal-dust.  Though  this 
Ib  contained  in  Glacial  clays  along  the  eastern  coast  of  England  as 
far  south  as  the  Wash,  and  probably  farther,  it  is  either  altogether 
absent  from  the  group  or  present  only  on  its  eastern  edge.  It 
appears  to  be  absent  from  the  clays  which  border  the  group  on 
the  north. 

These  results  combined  lead  to  the  conclusion  that  the  materials 
of  the  matrix  in  the  Suffolk  Chalky  Boulder-clay  were  not  brought 
from  the  east  or  north,  but  from  inland  ;  and  not  from  so  far  inland 
as  the  Coalfields.  Their  sources  therefore  lie  on  a  limited  belt, 
bordering  the  Boulder-clay  area. 

With  this  agrees  the*  evidence  of  the  included  boulders  as  a  whole. 

2.  **  On  the  Relation  of  certain  Breccias  to  the  Physical  Geography 
of  their  Age."     By  Prof.  T.  G.  Bonney,  D.Sc,  LL.D.,  F.R.S..  F.G.S. 

The  author  has  endeavoured  in  this  paper  to  collect  from  published 
accounts  and   his  own   observations    the   evidence    which   certain 
well-known  and  important  beds  of  breccia  afford  as  to  the  physical 
oonditions  prevalent  when  they  were  formed.     First  come  sketches 
of  the  principal  breccias  in  the  Rothliegende,  the  brockrams  of  the 
North -West  of  England  and  similar  deposits  in  Armagh,  the  breccia- 
beds  of  the  Midlands  and  of  Devon,  and  those  of  the  Thiiringerwald. 
The  fragments  in  these  vary  from  angular  to  subangular,  are  some- 
times  interstratified    with    beds   of  finer   material,    sometimes  are 
themselves  slightly  stratified.     They  form  marginal  fringes  to  old 
land-masses,  from  which  we  may,  with  more  or  less  certainty,  infer 
them  to  have  been  derived,  and  are   sometimes  found   to  extend 
outward  from  them,  wedge-fashion,  for  a  few  miles.     They  appear, 
for  reasons  given,  to  have  been  the  products  of  bare  rocky  hill-slopes, 
lather  than  of  mountain  torrents.     Floating  ice  has  been  suggested 
<M  a  means  of  transport,  though  the  idea  that  the  Clent  and  Enville 
breccias  indicate  the  former  existence  of  glaciers  is  not  noNV  ^^wex^W'^ 
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accepted,  Mr.  Wickbam  King  baviog  shown  the  materialB  to 
have  been  derived  from  land-masses  in  the  neighbourhood,  and 
Mr.  R.  D.  Oldham  having  pointed  oat  their  resemblance  to  certain 
Indian  breccias. 

The  so-called  DolomiticGonglomerate  of  the  South- West  of  England, 
which  exhibits  similar  characters,  though  on  a  smaller  scale,  and 
the  remarkable  breccias  in  the  Upper  Oolite  of  Caithness  deeoribed 
by  Professor  Judd,  are  next  noticed,  after  which  the  author  passes 
on  to  the  breccia-beds  in  the  Alpine  Flysoh,  taking  as  examples 
those  of  the  Habkerenthal  and  of  the  Val  des  Ormonts.  The 
former  apparently  are  more  sporadic  in  character,  and  are  suggestive 
of  the  intervention  of  floating  ice;  the  latter  are  more  regularly 
interbanded,  and  that  with  true  marine  deposits :  their  ooourrence 
is  extremely  difficult  to  explain,  without  assuming  the  existence  of 
a  mountain  range  or  a  great  highland  district  in  their  immediate 
neighbourhood. 

When  we  seek  for  parallels  to  these  breccias  in  deposits  of  late 
date  or  in  process  of  formation,  we  find  some  resemblances  to  them 
in  the  breccias  of  Gibraltar  described  by  Sir  Andrew  Ramsay  and 
Professor  James  Geikie,  in  the  stone-rivers  of  the  Falkland  Isles 
described  by  Sir  Wyville  Thomson,  and  in  the  breccias  of  Persia 
and  other  parts  of  Central  Asia  described  by  Dr.  Blanford.  The 
author  accordingly  infers  the  Rothliegende  (and  probably  the  Triassic) 
breccias  to  be  indicative  of  a  continental  climate,  due  to  a  great 
extension  of  land  or  more  probably  the  existence  of  a  mountain  region 
on  the  west — winters  with  severe  cold  and  snow,  but  rather  hot  and 
arid  summers.  The  Caithness  breccias  were  perhaps  more  analogous 
to  the  stone-rivers  of  the  Falkland  Islands,  but  they  also  indicate 
a  rather  low  temperature ;  while  the  Flysch  breccias  land  us  in  the 
following  dilemma,  namely,  that  either  similar  temperatures  existed 
in  Switzerland,  and  that  there  was  also  an  important  highland 
district,  of  which  no  remnant  can  be  found,  within  a  short  distance 
of  the  breccia-beds ;  or  they  must  be  the  product  of  a  range  not 
inferior  to  the  present  Alps,  which  also  has  completely  disappeared, 
and  would  be  (for  reasons  given)  very  difficult  to  locate.  But,  even 
in  the  latter  case,  we  seem  forced  to  admit  that  a  temperature,  if 
not  lower,  at  any  rate  not  higher  than  the  present,  prevailed  in 
Central  Europe  late  in  the  Eocene  Period. 


EFFECTS  OF  LIGHTNING  NEAR  SNOWDON. 

Sir, — I  found  last  November  on  the  hills  between  Cynicht  and 
Nant  y  Mor  two  crags  that  had  been  struck  by  lightning.  The 
scars  on  one  of  them  were  so  fresh  that  I  felt  sure  they  had  been 
made  during  a  heavy  thunderstorm  which  passed  over  the  district 
on  the  29th  of  last  July,  the  only  thunderstonn  there  was  in  this 
part  of  Wales  last  Summer.  On  asking  Mr.  Roberts  of  Gelli  lago, 
who  farms  the  land,  I  was  told  that  such  was  the  case,  and  that  the 
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other  crag  had  heen  straok  daring  the  very  heavy  thunderBtorm 
which  passed  over  the  district  on  a  Sunday  evening  in  the  Summer 
of  1898  (I  do  not  remember  the  exact  date),  when  several  beasts 
were  killed  by  lightning.  In  this  case  some  blocks  have  been 
thrown  eighteen  yards  from  the  parent  rock  ;  the  largest  of  these  is 
between  ten  and  eleven  cubic  feet  in  size,  and  there  are  several 
others  lying  beside  it  measuring  three  cubic  feet  and  less.  One 
hnge  block  measuring  sixty-four  cubic  feet  had  been  thrown  twenty- 
six  yards.  There  are  no  marks  of  vitrifaction  on  the  stricken  crags 
nor  on  the  detached  fragments.  The  lightning  has  done  nothing 
more  than  to  break  off  slices  and  chunks  and  cast  them  to  a  distance. 

On  subsequently  examining  the  ground  again  I  found  several  other 
places  where  the  rocks  had  been  struck  by  lightning. 

The  name  of  the  place  given  on  the  Ordnance  Map  is  Cerig  y  Mellt. 
If  this  name  is  correct  it  is  significant,  for  the  words  mean  '  rocks 
of  lightning ' ;  but  there  is  some  doubt  as  to  what  is  the  correct 
name,  for  Mr.  Roberts  tells  me  that  he  learnt  from  his  father  to 
call  the  place  Cerig  y  Myllt,  which  means  '  rocks  of  the  wethers.' 

J.  R.  Daktms. 
SsrowDON  Vow,  Nant  Gwtnant,  Bbddoelert. 
Jammry  25,  1902. 


HON.  CLARENCE   KING,   F.G.S. 

BoKN  Died  December  24,  1901. 

In  the  death  of  Clarence  King  geological  science  has  lost  one 
who  rendered  distinguished  service  in  the  surveys  of  the  United 
States.  He  was  born  at  Newport,  Rhode  Island,  and  graduated 
from  the  Sheffield  Scientific  School  of  Yale  University  in  1852. 
He  prepared  the  geological  and  topographical  atlas  and  several 
important  reports  for  the  Geological  Exploration  of  the  Fortieth 
Parallel,  and  when  in  1880  this  and  other  geological  surveys  were 
amalgamated  as  the  United  States  Geological  Survey,  Mr.  King  was 
appointed  Director.  Under  his  charge  the  Survey  was  carried  on 
with  vigour,  and  special  investigations  were  made  on  regions  of 
exceptional  economic  importance.  A  year  later,  however,  Mr.  King 
relinquished  his  position,  desiring  to  devote  himself  unfettered  to 
geological  research.  His  fame,  however,  rests  on  his  official  work. 
Mr.  King  died  at  Phoenix,  Arizona,  on  December  24th,  1901. 


REV.   FREDERICK  SMITHE,   M.A.,   LL.D.,   F.G.S. 

BoBN  1822.  Died  December  9,  1900. 

We  learn  from  the  recently  published  Address  of  the  President  of 
tlie  Cotteswold  Club  (Mr.  E.  B.  Wethered)  of  the  death  more  than 
*  year  ago  of  Dr.  Frederick  Smithe,  vicar  of  Ohurchdown  in 
Gloucestershire.     He  laboured  for  many  years  with  great  QTi\.\iM^\A&Tsi 
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at  the  fossils  of  the  Middle  and  Upper  Lias  in  the  outlien  of 
ChuTohdown,  Alderton  and  Dnmbleton ;  and  his  observations  on 
these  and  other  subjects  were  communioated  to  the  Proceedings 
of  the  Ootteswold  Clab.  He  belouged  to  ati  Irish  family,  and  was 
educated  at  Trinity  College,  Dublin. 


BoYAL  SoGiETT. — A  revised  and  much  enlarged  edition  of  the 
Record  of  the  Royal  Society  of  London  has  lately  been  issued.  The 
principal  feature  of  the  new  edition  is  the  inclusion  of  two  listn 
of  Fellows  of  the  Society  from  its  foundation  to  the  end  of  1900, 
one  arranged  chronologically  and  the  other  alphabetically.  It 
would  have  been  interesting  to  have  portraits  of  the  thirty -seven 
presidents,  but  none  of  those  given  in  the  former  edition  of  the 
Record  published  in  1897  are  repeated,  while  three  only  are  now 
inserted.  Oeological  science  has  been  represented  in  the  presidential 
chair  by  Wollaston,  the  Marquis  of  Northampton,  and  Huxley. 

Gbologioal  Subvby. — Mr.  R.  H.  Tiddenian«  M.A.,  P.Q.S.,  who 
joined  the  staff  (»f  the  Geological  Survey  in  1864,  under  Mnrohison, 
has  just  retired  from  the  public  service. 

Ambbican  Museum  op  Natural  Htstoby. — In  vol.  zi  of  the 
Bulletin  of  this  Museum  there  has  been  published  a  catalogue  of 
the  types  and  figured  fossils  contained  in  the  geological  depart- 
ment, and  which  number  8,345,  representing  2,721  species  and 
190  varieties.  The  catalogue  has  been  prepared  by  Mr.  R.  P. 
Whitfield,  the  Curator,  and  his  associate  Mr.  E.  O.  Hovey.  The 
chief  palsBontologioal  possession  of  the  Museum  is  the  great  James 
Hall  collection,  which  was  purchased  in  1875,  and  whioh  inolndea 
a  large  number  of  type  and  other  illustrated  specimens,  especially 
of  Palaeozoic  Hpecies.  Most  of  the  'figured  specimens'  in  the 
series  are  those  which  were  identified,  redescribed,  illustrated,  and 
published  by  Professor  Hall  in  the  early  volumes  of  the  ''Paheontology 
of  New  York."  The  Museum  also  has  the  Holmes  collection,  whioh 
includes  more  than  two  hundred  of  the  specimens  described  and 
figured  in  Tuomey  and  Holmes*s  "  Pliocene  Fossils  of  South  Carolina'* 
and  in  Francis  S.  Holmes's  work  on  the  ''  Post- Pliocene  Fossils 
of  South  Carolina."  It  contains,  moreover,  many  Cretaceous  forms 
from  Beirut,  Syria,  and  from  Jamaica.  The  term  '  type  '  is  employed 
to  embrace  not  only  the  specimens  actually  used  by  an  author  in 
the  original  description  of  a  species,  but  also  those  specimens  which 
have  been  used  by  the  same  author  in  the  further  elucidation  of 
the  species  in  subsequent  publications.  *  Figured  specimen  '  is 
the  term  applied  here  to  the  specimens  whioh  have  been  identified 
with  a  species  by  another  person  than  the  author  of  the  species,  and 
which  have  been  illustrated  in  some  publication. 
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I. — WOODWABDIAN     MuSEUM    NOTBS  :      SaLTKB's    UnDESOBIBBD 

Spboibs.    VII.* 

By  F.  R.  CowFBB  Rebd,  H.A.,  F.G.S. 

(PLATE   VII.) 

CEPHALOPODA. 

Tboohoobbab  spubium,  Salter,  1873.     (PL  VII,  Fig.  1.) 

1873.     Troekceeras  spurium^  Salter,  n.sp. :  Cat.  Camb.  8il.  Foss.  Woodw.  Mus., 

p.  160  (a  466). 
1882.     Tnehoeera*  9triatum^  Blake:  Brit.  Foss.  Ceph.,  p.  222,  pi.  xxix,  fig.  6; 

pi.  XXX,  figs.  3,  4,  4a,  4^. 
1891.     Troehoeera*  atriatumf  Foord:  Cat.  Foss.  Ceph.  Brit.  Hits.,  p.  32. 
1891.     Troehoeerat  »purium.  Woods :  Cat.  Type  Foss.  Woodw.  Mus.,  p.  131. 

Salter's  original  speoimen  comes  from  the  Wenlock  Shale,  Builth 
Bridge,  and  was  descrihed  (Salter,  loc.  oit.)  as  having  ''  much 
narrower  whorls  than  Phr,  natUileum,'*  The  specimen  consists  only 
of  the  greater  portion  of  the  outer  whorl,  including  the  body- 
chamber,  and  it  shows  the  aperture  and  ornamentation  very  well 
preserved.  It  agrees  with  Blake's  species  Tr,  striatum  in  shape, 
rate  of  increase,  characters  of  body-chamber  and  aperture,  degree 
of  obliquity  of  the  transverse  ribs,  their  absence  on  the  body-chamber, 
the  fine  lines  parallel  to  them  on  the  rest  of  the  whorl,  the  epidermids, 
and  the  shape,  position,  and  distance  apart  of  the  septa.  The 
stratigraphical  horizon  on  which  it  is  found  is  also  the  same,  and 
there  can  be  no  doubt  that  the  species  are  identical,  as  they  agree 
in  all  the  essential  characters  and  even  in  every  minute  detail. 

Obthookbas  fluctuatum,  Salter.     (PI.  VII,  Fig.  2.) 

1873.     Orthoeeras Jltictuatumy  Salter,  n.sp.:  Cat.  Camb.  Sil.  Foss.  Woodw.  Mus., 

p.  37  (a  611). 
1882.     OrthoeeroiJluctuatuM^  Blake :  Brit.  Foss.  Ceph.,  p.  122  (cf.  0,  reetieinetum, 

Blake). 
\891.     Orthoeeratjluetuatumf  Woods  :  Cat.  Type  Foss.  Woodw.  Mus.,  p.  129. 

Salter  describes  this  species  as  possessing  "  coarser  striee  than 
0.  $nbundulatum,  Portl.,  and  apparently  more  bent  still  than  in  that 
species."  The  single  specimen  (a  611)  named  by  Salter  comes  from 
the  Lower  Bala  (Llandeilo)  of  Wellfield,  Builth,  and  consists  of 
an  imperfect  external  hollow  cast  of  a  portion  of  the  shell,  showing 

^  For  prerious  articles  see  Geol.  Mao.,  1901,  pp.  5,  106,  246,  355,  and  576; 
1^2,  p.  122. 

DICADB   IV. — rOL.  IX. — NO.  IV.  \^ 


146       F,  R.  Coicper  Reed — Salter*^  Undescribed  Species. 

a  series  of  undulating,  equidistant,  regular,  transverse,  coarse 
strisB,  six  in  a  space  of  4  mm.  These  strio  on  the  cast  would  be 
represented  on  the  surface  of  the  shell  hy  raised  thread-like  lineft. 
But  this  material  is  absolutely  insufficient  for  the  creation  of  a  new 
species,  and  Blake  (loc.  oit.)  hesitates  in  identifying  it  ¥rith 
0.  recticinctum,  partly  on  the  ground  of  its  imperfect  preservatioii 
and  partly  because  it  comes  from  a  different  geological  horizon. 
It  seems  advisable,  therefore,  to  let  the  name  drop,  as  the  original 
specimen  does  not  admit  of  a  sound  species  being  established. 

LAMELLIBRANCHIATA. 
Ptkrinka  exasperata,  Salter.     (PI.  VII,  Figs.  3-5.) 

1873.     Pterxnea  ezatperata^  Salter:  Cat.  Camb.  Sil.  Foes,  Woodw.  Mus.,  p.  150 

(a  813,  a  814,  a  815,  a  816). 
1891.     Pterinaa  fxasperatUy  Woods :  Cat.  Type  Foss.  Woodw.  Mus.,  p.  89. 

The  specimens  labelled  Pterxnea  exasperata  by  Salter  are  eleven 
in  number.  All  are  from  the  Wenlock  Limestone  of  Dudley  and 
belong  to  the  Fletcher  Collection.  One  has  both  valves  preserved, 
though  the  right  one  is  somewhat  imperfect.  The  others  are  all 
left  valves,  and  one  (a  815)  shows  the  inner  side  of  this  valve.  Five 
more  specimens  of  this  species  have  been  acquired  since  1873. 
Salter  (loc.  cit.)  described  it  as  "  a  reticulate  species,  long  known 
but  not  yet  described." 

Diagnosis. — Body  of  shell  obliquely  ovale,  elongate,  unequally 
biconvex  ;  long  straight  hinge-line  ;  left  valve  slightly  more  convex 
than  the  right ;  furnished  with  small  rounded,  triangular  anterior 
ear  and  large  flattened  posterior  wing. 

Left  valve  with  obliquely  elongate  convex  body ;  beak  gibbous, 
prominent ;  anterior  ear  not  sharply  marked  off  from  body ;  posterior 
wing  large,  pointed,  more  than  two-thirds  the '  length  of  posterior 
slope,  depressed,  flattened,  more  or  less  distinctly  marked  off  from 
body,  posterior  margin  concave.  Hinge-line  long,  straight,  making 
angle  of  about  30°-40°  with  body  behind  umbo. 

Surface  of  body  marked  by  strong,  straight,  radiating,  narrow, 
equidistant  ribp,  25  to  35  in  number,  very  feebly  developed  or 
absent  on  anterior  and  posterior  ears.  Half-way  between  each  pair 
of  these  main  ribs  is  a  finer,  thread-like  rib  which  begins  at  some 
distance  from  the  beak,  and  increases  in  strength  towards  the  margin 
so  as  ultimately  to  be  equal  in  size  to  the  main  ribs.  Ribs  crossed 
by  regular,  equidistant,  concentric,  scale  -  like  lamellaa,  arched 
backwards  towards  the  umbo  between  each  pair  of  main  ribs,  and 
between  every  pair  of  ribs  near  the  ventral  margin.  The  lamellae 
are  continued  on  to  the  ears,  where  they  are  more  closely  packed 
together  and  crenulated,  and  on  the  posterior  ear  are  parallel  to  the 
concave  posterior  margin.  Bight  valve  rather  less  convex  than  left 
valve,  but  in  other  respects  apparently  similar. 

Measubbments. 

Length  along  oblique  axis  of  body 

Length  at  posterior  end 

Width  along  hinge-line 


L 

n. 

HI. 

mm. 

mm. 

mm. 

30 

...     30 

...     43 

21 

...     23 

...     31 

24 

...     22 

...    28 
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BuASKS. — A  species  which  appears  to  be  closely  allied  to  this 
form  is  PLfimbriata^  (McCoy),  ^m  the  Silurian  (Wenlock?)  of 
Dingle,  oa  Kerry.  This  Irish  species  differs,  however,  in  being  less 
elongated,  in  possessing  a  shorter  posterior  wing  and  a  more  acute 
umbo,  but  the  ornamentation  of  the  surface  closely  agrees.  McCoy 
figures  only  a  right  valve.  From  Pi.  subfaleata  (Conr.)  our  species 
difEers  in  the  regularity  and  strength  of  its  concentric  lamellation, 
in  its  larger  posterior  ear,  and  the  different  shape  of  its  anterior  ear. 

Ptbbimka  oondob,  Salter.     (PI.  YII,  Figs.  6  and  7.) 

1873.    PUrinea  condor,  Salter,  n.sp. :  Cat.  Camb.  Sil.  Fo6S.  Woodw.  Hus.,  p.  169 

(a  809,  a  810). 
1891.     PUrituea  condor.  Woods:  Cat.  Type  Foss.  Woodw.  Mus.,  p.  89. 

There  are  three  specimens  labelled  PUrinea  c(mdor  by  Salter,  but 
<me  of  these  (a  810)  is  probably  due  to  a  mistake,  as  it  obviously 
lieloDgs  to  an  entirely  different  species.  The  specimens  all  come 
from  the  Lower  Ludlow  beds  of  Dudley  and  belong  to  the 
Fletcher  Collection.  Salter  describes  it  as  having  ''  very  wide  hinge 
line,  three  inches  broad." 

Diagnosis. — Shell  transversely  oblong,  very  inequivalve,  flattened. 
Qinge-line  long,  straight.  Left  valve  weakly  convex,  flattened 
l)OSteriorIy  into  large  posterior  wing,  which  is  bluntly  pointed 
tiehind,  slightly  excavated  along  posterior  margin,  and  extended  along 
upper  margin  beyond  body  of  shell.  Hinge-line  longer  than  shell. 
Anterior  ear  very  small,  depressed  below  body  of  valve.  Umbo 
^mall,  prominent,  rising  above  liinge-line.  Distinct  band  along 
iiinge-line  marked  off  from  posterior  wing,  representing  ligamental 
facet.  Surface  of  valve  marked  by  faint  concentric  strite  parallel  to 
margins. 

Bight  valve  (?  of  same  species),  Fig.  7,  snbqiiadrate,  flattened.  Upper 
and  anterior  margins  straight,  meeting  at  angle  of  120^,  each  furnished 
with  longitudinally  striated,  band-like  area,  of  which  the  upper  is 
marked  with  five  longitudinal  shallow  grooves,  interrupted  along 
part  of  their  length  near  anterior  end.  Posterior  margin  broadly 
rounded,  weakly  emarginate  at  inferior  angle.  Inferior  margin 
rounded,  meeting  anterior  margin  at  nearly  a  right  angle.  General 
HQrface  of  valve  feebly  convex,  especially  in  central  part  of  hinge- 
line.  Oval  muscular  impression  in  anterior  angle  between  upper 
and  anterior  margins. 

Measurements. 

Left  valve.  mm. 

Width  (along  hinge-line)         74 

X^^U^VII  ■■•  ■••  •*•  •*•  ■••  ••*  •••  « V 

Right  vttlre. 

Width  (along  hinge-line)         31 

Length  ...         ...         ...         ...         ...         ...         ...     32 

BxMABKS. — This  form  most  resembles  Pterinea  reiroflexa,  var. 
Hflw/ormis  (Conr.),  but  differs  in  its  more  extended  hinge-line  and 
"iore  pointed  posterior  wing,  as  far  as  the  left  valve  is  concerned. 

^  MoCoy  :  Silur.  Fohs.  Irel.,  1846,  p.  21,  pi.  ii,  fig.  7;  Brit.  Pal.  Fow.,  U&\, 
P  283,  pi.  ii,  figs.  3.  3,/. 
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Tlie  great  ineqiuility  ami  difference  of  ^luipe  of  the  <^»po0ite  Talves 
ascribed  to  the  same  species  are  also  characteristic  and  peculiar 
features. 

EXPLAXATIOX  OF  PLATE  VII. 

Fis.  \.^Troek«€ra*  MpuriMm,  Salter  >  466..     Wenlock  Shale:    Bailth  Bridge. 

Drawn  nat.  size. 
Fio.  Z.^-OrtkoetntJtHttmmtitm,  Salter  («  611).    Lover  Bala  (UaadeOo) :  Wellfield, 

Biiilth.     X  twice  nat.  size. 
Fio.  3. — Pterinra    ejcetpfrmtn,  Salter   («  816  .      Wenloek    Limestone  :     Dudley. 

X  1^  nat.  anie. 
Fis.  4.— Ditto  .a  813). 

Fio.  6. — Ditto  (a  816;,  4  ribs  enlar;rt-d  4  times  nat.  size,  to  ^how  ornamentation. 
Fio.  6. — Pterins  condor^  Salter  («  809).     Lower  Ludlow  Beds:    Dudley.    Left 

TaWe.     Nat.  size. 
0    Fie.  7.— Ditto,  right  Take  >  810],  nat.  size. 


II. — Oh  CAMPYLOPEioSy  A  New  Fobm  OF  Edestcs-iakm  Dbntition. 
By  Dr.  C.  R.  Eastman,  of  Cambridge,  Mass.,  U.S.A. 

(PLATE   VIII.) 

IN  the  January  number  of  the  Geological  Magazine  for  1886, 
an  elaborate  description  is  given  by  Dr.  Henry  Woodward  of 
a  peculiar  ichthyic  structure  from  the  Carboniferous  of  Western 
Australia,  which  is  referred  by  him  provisionally  to  EdMiuM^  under 
the  specific  title  of  E.  daviaii.  Interesting  comparisons  are  drawn 
between  this  and  other  known  species  of  Edeitus,  and  the  hypothesis 
advanced  that  it  is  a  pectoral  fin-spine,  resembling  in  its  segmented 
character  the  Cretaceous  Pelecopierus,  This  segmentation,  which 
is  so  conspicuous  a  feature  of  Edestus,  is  attributed  by  Dr.  Bashford 
Dean  in  his  book  on  ''  Fishes,  Living  and  Fossil,"  to  a  metameral 
origin,  and  he  follows  Leidy,  Owen,  Cope,  Newberry,  and  others 
in  interpreting  all  this  class  of  remains  as  dorsal  fin-spines. 

As  early  as  1855  Louis  Agassiz  ^  compared  the  type-specimen 
of  EdeMtus  minor,  Newberry,  with  the  rostral  prolongation  of  PriBtU^ 
and  pronounced  it  a  dermal  defence,  pertaining  probably  to  the 
snout  region  of  a  shark  or  skate.  Quite  recently  this  hypothesis 
has  been  revived  by  Dr.  A.  Karpinsky,  Director  of  the  Bussiau 
Geological  Survey,  in  his  superb  memoir  on  EeUeoprion?  a  spirally 
coiled  form  whose  segments  resemble  those  of  EdeUuB^  and  is 
regarded  by  the  author  as  a  powerful  weapon  placed  above  the  snout 
in  the  median  line.  To  this  Permo-Carboniferous  genus,  SiBlieoprum, 
the  BuBsian  Director  also  refers  the  Australian  form  described  by 
Dr.  Henry  Woodward  as  Edestus  davtsii,  which  differs  principally 
in  the  lesser  extent  of  its  spiral.  In  an  appreciative  review  of  his 
monograph.  Dr.  Arthur  Smith  Woodward '  questions  the  probability 
of  Karpinsky's  conjecture,  and  cites  a  recent  discovery  made  by 
Dr.  Traquair  in  the  Lower  Devonian  of  Forfarshire,  which  **  proves 

*  Proc.  Amer.  Assoc.  Adv.  Sci.,  1865  (1856),  p.  229. 

»  Verb.  k.  ruas.  min.  Ges.  St.  Petersburg,  1899,  ser.  ii,  toI.  xxxvi.  No.  2. 

5  Gbol.  Mao.,  1900,  Dec.  IV,  Vol.  VII,  p.  33. 
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undoubtedly  that  there  were  Paleeozoio  sharks  with  sharp,  piercing 
teeth,  which  were  never  shed,  but  became  fused  into  whorls  as  the 
animal  grew." 

The  same  memoir  was  also  reviewed  by  the  present  writer,^  who 
brought  forward  additional  instances  of  coiling  amongst  PalfBOZoic 
sharks,  and  was  inclined  to  look  upon  the  segments  of  Helieoprion 
as  veritable  teeth.  Finally,  a  fortunate  discovery  of  the  symphysial 
dentition  of  the  Carboniferous  genus  Campodus,  made  by  Professor 
E.  H.  Barbour,  Director  of  the  Nebraska  University  Qeological 
Survey,  threw  new  light  on  the  matter,  and  furnished  ground 
for  a  positive  statement  that  the  fused  segments  of  JEde$tu$  and 
Helieoprion  are  actually  teeth  belonging  to  the  anterior  series  of 
Oestraciont  sharks.  The  evidence  for  this  was  presented  by  the 
writer  before  the  Denver  meeting  of  the  American  Association  for 
the  Advancement  of  Science,  and  in  the  published  abstract  of  that 
paper '  the  arrangement  of  the  anterior  series  in  Campodus  variabilis 
(Newb.  &  W.)  was  briefly  described.  A  second  specimen  in  the 
Museum  of  Comparative  Zoology  at  Cambridge,  Mass.,  from  the 
Coal-measures  of  Osage  County,  Kansas,  exhibits  the  symphysial 
series  in  natural  association  with  the  lateral.  Professor  Barbour's 
specimen,  shown  in  the  accompanying  Plate  YIII,  Fig.  1,  is  more 
perfect  in  some  respects,  but  has  none  of  the  lateral  series  associated 
with  it. 

Each  individual  of  Campodus  is  known  to  have  possessed  at  least 
three  series  of  coalesced  anterior  or  symphysial  teeth.  As  indicated 
by  the  marks  of  contact,  there  was  a  median  arched  azygous  series 
in  one  jaw  (presumably  the  lower,  as  is  the  case  in  Cesiraeion, 
ChtamydoselachSf  and  other  existing  sharks),  opposed  to  which  in 
(presumably)  the  upper  jaw  were  two  corresponding  series  separated 
from  each  other  by  a  slight  interval.  The  orientation  of  both  the 
symphysial  and  lateral  teeth  of  Campodus  may  be  determined  from 
the  fact  that  their  coronal  buttresses  are  directed  outward,  instead 
of  inward,  as  was  erroneously  supposed  by  Messrs.  St  John  and 
Worthen.  Several  series  of  anterior  teeth,  all  coiled  in  a  single 
plane,  are  known  to  have  been  present  in  the  same  mouth  of 
CampoduSy  Proiodus,  Periplecirodus,  and  certain  Cochliodonts,  hence 
it  is  probable  that  a  like  condition  was  true  of  Edestus  and 
Helieoprion.  In  the  two  last-named  genera  it  was  rightly  pointed 
out  by  Smith  Woodward  that  the  absence  of  lateral  facettes  or  marks 
of  contact  with  adjoining  whorls  indicates  that  the  series  were 
separated  from  one  another,  as  in  the  existing  Chlamydoselache. 
In  the  light  of  the  now  clearly  apparent  odontological  nature  of 
Edestus  and  Helieoprion^  together  with  their  Cestraoiont  affinities, 
it  may  be  pertinent  to  inquire  whether  the  huge  fin-spines  from  the 
Carboniferous,  such  as  OracmUhus,  PhoderacanthuSj  Stichacanihus, 
and  the  like,  were  not  borne  by  creatures  having  an  Edestus-  or 
Campodu8-like  dentition. 

>  Amor.  Nat.,  1900,  vol.  xxxiv,  p.  579. 
*  Science,  n.s.,  1901,  vol.  xiv,  p.  795. 
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DssoBiPTiON  OF  Campyloprion  annegtans,  gen.  et  sp.  nov. 
(PI.  VIII,  Fig.  2 ;  and  Woodout,  Fig.  3,  in  text.) 

In  the  same  category  with  Edestus  and  Helicoprion  mast  be 
pUoed  a  new  genas  of  Pa)»ozoio  Cestracionts,  known  as  jet  only 
by  its  symphysial  dentition,  for  which  the  name  Campyloprion  is 
proposed,  with  the  type  species  of  C.  annectans.  This  is  founded 
on  a  nniqae  specimen  belonging  to  Tufts  College  Maseum,  Boston, 
the  description  of  which  follows.  The  new  genus  is  also  held  to 
include  two  species  originally  assigned  to  EdesUu^  namely,  E,  davisii, 
Woodward,  and  E,  lecontei,  Dean.  The  former  of  these  has  been  dis- 
oossedin  its  relations  to  other  Edesias-VikQ  structures  by  Woodward, 
Dean,  and  Karpinsky,  and  was  transferred  by  the  last-named  author  to 
Helicoprion.  For  the  sake  of  comparison  we  may  briefly  summarize 
the  distinguishing  characters  of  these  four  cloMcIy  related  genera,  as 
follows  : — 

1.  Campodu*. — Anterior  series  of  thirteen  or  more  teeth  fused  into  a  semicircular 
arch,  their  outer  (anterior)  coronal  margins  prominently  buttressed,  and  their 
coronal  apices  rather  obtuse  and  not  serrated  ;  the  teetii  only  slightly  overriding  one 
another  at  their  extremities,  not  much  laterally  compressea,  and  very  much  larger 
thin  the  immediately  adjoining  lateral  series,  which  also  have  their  buttresses 
directed  outward.     T3rpe,  C.  agaatizianusj  Koninck. 

2.  Edettta. — Anterior  series  of  seven  or  more  fused  teeth  only  moderately  arched 
and  laterally  comprised  ;  coronal  apices  acuminate  and  serrated  along  the  sharpened 
anterior  and  posterior  margins ;  bases  strongly  reflected  forward,  invaginated,  and 
foaed  throughout.     Lateral  series  unknown,     t'ype,  E,  vorax^  Leidy. 

3.  Campylopri'm. — Anterior  series  of  twenty  or  more  fused  teeth  considerably 
arched  and  much  laterally  compressed ;  coronal  apices  rather  obtuse,  and  coarsely 
serrate<l  along  the  sharpened  anterior  and  posterior  margins  ;  teeth  curved  or  bent 
forward,  overriding  one  another  toward  their  extremities  and  fused  for  the  greater 
portion  of  their  length.     Type,  C.  annectatu^  sp.  nov. 

4.  Htlicoprion. — Anterior  series  ronsistin^  of  upwards  of  150  fu?*ed  teeth,  very 
similar  to  the  la^t  in  form,  but  coiled  into  approximately  3 J  whorls  ;  coronal  apices 
acute  and  finely  serrated  along  tiie  sharpt^ned  anterior  and  posterior  margins  ;  enamel 
extending  far  down  the  lateral  faces ;  teeth  more  or  less  strongly  curved  forward, 
overlapping  and  fused  for  a  portion  of  their  length  ;  two  lateral  grooves  extending 
along  the  spiral  near  the  bottom.  Lateral  series  unknown.  Type,  if.  hesfionowi^ 
Karpinsky. 

Arranged  in  the  above  order  we  are  oiiabled  to  note  the  pro- 
gressive stages  by  which  the  typical  Cestraciont  dentition  of  Orodns 
and  Campodus,  occurring  in  thn  Carboniferous,  passed  into  the 
excessively  modified  spirals  of  Helicoprion  in  the  Permian.  Moreover, 
the  chief  interest  attaching  to  Campyloprion  is  on  aoconnt  of  its 
intermediate  position,  two  of  its  species  linking  it  with  EdesiuSy 
as  already  observed,  and  a  third,  as  denoted  by  its  trivial  title, 
marking  the  transition  to  flelicoprion. 

For  the  opportunity  to  describe  the  interesting  series  of  teeth 
shown  in  Plate  VIII,  Fig.  2,  and  section  in  text.  Fig.  3,  the  writer  is 
indebted  to  his  friend  Dr.  J.  S.  Kingsley,  of  Tnfts  College,  in  whose 
custody  it  has  been  for  many  years.  Unfortunately  nothing  is  known 
of  the  history  of  the  specimen  prior  to  its  coming  to  Tufts,  except 
that  it  was  procured  for  the  Museum  by  the  late  Professor  Marshall. 
While  its  age  may  be  confidently  attributed  to  the  Upper  Carboni- 
ferous or  Permian,  there  is  no  clue  as  to  its  locality.     T\\q  apeoATCv^xv 
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is  aroaate  in  form,  with  an  extreme  length  of  about  24  cm.,  and 
oomprising  twenty  fused  teeth,  only  four  of 
which,  however,  are  perfectly  preserved.  A 
transYorse  section  of  the  specimen  taken  verti- 
cally from  the  apex  of  the  largest  tootb,  where 
the  height  is  about  8  cm.,  is  shown  in  Fig.  3. 
All  the  teeth  have  suffered  greatly  from  the 
effects  of  weathering,  which  has  removed  most 
of  the  enamel,  and  from  post-mortem  abrasion. 
In  general  form  they  resemble  those  of  Belico- 
prion  beisonowiy  but  are  less  angularly  bent,  in 
which  respect  they  differ  also  from  C,  davisii ; 
in  addition,  their  apices  are  more  obtuse  and 
more  coarsely  serrated.  Both  of  these  species 
of  Campylopiion  differ  from  the  Bussian  fom  in 
their  lesser  degree  of  curvature,  and  it  is  ex- 
tremely improbable  that  either  of  them  was 
coiled  into  a  complete  spiral.  Neither  do  they 
exhibit  the  double  lateral  grooves  which  traverse 
the  spirals  of  Selicoprion.  It  is  possible  that  the 
indistinct  patches  of  enamel  observed  along  the 
base  of  the  present  specimen  may  represent  an 
adjacent  series  of  small  teeth,  such  as  occur  in 
juxtaposition  to  the  symphysial  series  of  Cam- 
podu8  variabilis,  A  more  detailed  account  of  the 
dentition  of  the  latter  form  will  be  given  in 
a  forthcoming  number  of  the  Bulletin  of  the  Vertical  section  of  Fig.  2. 
Museum  of  Comparative  Zoology.  Campyhprion  onneetanM. 

EXPLANATION   OF   FIGURES. 

Pl.  VIII,  Fio.  1.  —  Campodus  variabilis  (Newb.  &  W.).  Coal-measures:  Cedar 
Creek,  Nebraska.  Symphysial  series  of  teeth  belonging  (presumably) 
to  the  lower  jaw,  viewed  from  the  ri^ht-hand  side.  Original  preserred 
in  the  Museum  of  Nebraska  State  XTnivcrsity  at  Lincoln.  Eedaoed  to 
about  one-half  nut.  size. 

Pl.  VIII,  Fio.  2.—  Campyloprion  annectans^  jjen.  et  sp.  nov.  Carboniferous  or 
Permian :  locahty  unknown.  Left  lateral  aspect  of  a  portion  of  the 
anterior  dentition,  showing  portions  of  20  coalesced  teeth,  supported  at 
their  bases  by  a  band  of  calcified  cartilage.     Keduced. 

Fio.  3  (in  text). — Camptjloprion  antiictafis.  Vertical  cross-section  of  specimen  shown 
in  Fig.  2,  passing  through  apex  of  largest  tooth  in  the  series.  Reduced 
to  about  one-third  nat.  size. 


III. — The  Vkntral  Integument  op  Trilobitks/ 

By  Professor  Charles  E.  Beecher,  Ph.D.,  For.  Corr.  Geol.  Soc.  Lond., 
Yale  University,  New  Haven,  Conn.,  U.S.A. 

(PLATES  IX-XI.) 

IN  previous  papers  by  the  writer  on  the  structure  and  appendages 
of  TriarihrtkSy^xiQ  attempt  has  been  made  to  describe  or  illustrate 
the  character  of  the  ventral  integument,  especially  in  the  sternal  or 

'  Reprinted  by  permission  from   the  Amer.  Joum.    Sci.  [4],  vol.  xiii   (1902), 
pp.  166-174. 
^  C.  E.  Beecher f  '*  On  the  Thoracic  Legs  of  Trilobites  "  ;  Amer.  Joum.  Sci.  [3], 
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axial  region.  The  speoimens  hitherto  described  were  prepared  to 
show  details  of  the  appendages,  and  though  portions  of  the  ventral 
membrane  were  exposed  in  many  Individ aals,  the  subject  was  not 
<!onsidered  of  sufficient  moment  to  warrant  a  distinct  study,  par- 
ticularly as  no  characters  were  observed  in  the  cuticle  that  had  not 
been  previously  seen  in  more  or  less  perfection  by  Waloott^  in  the 
geaera  CerauruB  and  Caiymene.  A  recent  discovery  by  Jaekel,* 
however,  necessitates  the  separate  consideration  of  this  structure. 
This  necessity  arises  from  the  fact  that  a  positive  addition  to  the 
knowledge  of  the  trilobite  anatomy  may  be  deduced,  although,  as 
will  be  shown,  Jaekel  was  apparently  entirely  misled  in  his  inter- 
pretation of  the  nature  of  his  discovery. 

In  the  paper  under  discussion,  Jaekel '  states  that  the  occasion  for 
his  publication  arose  from  the  finding  of  a  specimen  of  Ptyehoparia 
•triata,  from  the  Cambrian  of  Bohemia,  in  which  some  structures 
were  preserved  in  the  axis  of  the  six  anterior  segments  of  the  thorax. 
These,  he  asserts,  are  the  proximal  joints  of  the  legs. 

The  specimen  was  preserved  as  a  cast  in  a  rather  coarse-grained 
flandstone,  and  is  exposed  from  the  dorsal  side.  From  certain 
sarface  indications  of  lines  in  the  cast,  Jaekel  was  led  to  follow 
these  into  the  rock  filling  the  axis,  and  succeeded  in  finding  a  central 
groove,  with  two  oblique  grooves  on  each  side.  These  he  con- 
sidered as  representing  the  cavities  left  by  the  removal  of  the  test 
from  the  basal  joints  of  the  legs,  which  thus  must  have  been 
attached  along  the  median  line  of  the  sternum.  The  supposed  joints 
of  the  legs  were  filled  with  rock,  and  his  attempts  to  separate  them 
from  the  matrix  resulted  in  failure. 

In  the  oral  region,  there  were  still  more  indefinite  and  obscure 
evidences  of  cavities  left  by  the  removal  of  some  ventral  testaceous 
stracture. 

Theee  meagre  remains  in  the  rachis  of  the  thoracic  and  oral 
regions  have  furnished  data  for  what  must  he  considered  as  the 
most  remarkable  and  erroneous  reconstruction  of  the  trilobite 
appendages  and  anatomy  that  has  appeared  since  the  time  of 
Burmeister,'  in  1843.  The  latter,  in  the  absence  of  any  material, 
confessedly  based  his  opinions  of  the  ventral  anatomy  wholly  upon 
theoretical  considerations.  Not  only  has  Jaekel  to  a  large  degree 
set  aside  the  evidence  presented  by  many  scores  of  specimens  of 
TriarthruB,   as   described   by    tlie    writer,    in    which  each  detail  of 

vol.  xlvi  (1893).  **  On  the  Mode  of  Occurrence,  and  the  Structure  and  Development 
<»f  Triarthrtu  Beeki'*:  Amer.  Geol.,  vol.  xiii  (1894).  **The  Appcndagres  of  the 
hgidium  of  Triarthrus'' :  Amor.  Journ.  Sci.  [3],  vol.  xlvii  (1891).  "Further 
'Josenrations  on  the  Ventral  Structure  of  Triarthrus^^ :  Amer.  Geol.,  vol.  xv  (1895). 
"The  Morpholojry  of  Triarthrus'' :  Amer.  J(»urn.  Sci.  [4],  vol.  i  (1896)  ;  Gbol. 
M40.,  Dec.  IV,  Vol.  Ill  (1896). 

*  C.  D.  Walcott,  **  The  Trilobite :  New  and  Old  Evidence  relating?  to  its  Organiza- 
tioii":  Bull.  Mus.  Comp.  Zool.,  vol.  viii,  No.  10  (1881).  "Appendages  of  the 
Trilobite":    Science,  vol.  iii,  No.  67  (1884). 

*  Otto  Jaekel,  "Beitrage  zur  Beurtheilung  dor  Trilobiten,**  Theil  i:  Zeitschr. 
I>eat«ch.  Geol.  Gesell.,  Bd.  Hii,  Heft  I  (1901). 

*  Hermann  Burmeistor:  *♦  DL"  Ors-nin^ntiim  (hr  Trilobitcu.''  rtc,  \9iVS, 
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stmoture  can  be  verified  iudefiuitely,  but  has  also  overlooked  that 
a£forded  by  the  material  illustrated  by  Waloott,^  Billings,^  Mickle- 
borougb,'  and  Woodward/  Moreover,  this  single  specimen  of 
Ptyehoparia  has  led  its  describer  to  reconsider  on  a  false  premise  the 
entire  question  of  the  anatomy,  ontogeny,  phylogeny,  and  affinities  of 
the  trilobite. 

It  is  the  purpose  of  the  present  article  to  show  that  numerous 
individuals  of  Triarthrus,  as  well  as  some  material  representing 
other  genera,  preserve  evidence  of  what  seem  to  be  the  same 
structures  as  those  described  by  Jaekel  in  Ptyehoparia,  and  edso 
present  indisputable  testimony  as  to  their  correct  nature.  It  will 
be  demonstrated  that  they  do  not  belong  in  any  way  to  the 
appendicular  system  of  the  trilobites,  but  are  really  the  buttresses 
and  apodemes  of  the  ventral  body  integument. 

The  marvellous  state  of  preservation  of  many  of  the  specimens  of 
Triarthrus,  whose  appendages  have  been  studied  by  the  writer, 
affords  very  satisfactory  indications,  not  only  of  the  presence  of 
a  ventral  integument,  but  also  of  some  of  its  detailed  characters. 
Jaekel  states  that  in  his  opinion  the  unfavourable  {**  ungunstigen  "} 
preservation  of  Triarthrus  has  obscured  the  proximal  structure  of 
the  legs,  so  that  what  he  calls  the  three  basal  joints  are  equivalent 
to  the  single  unjoin  ted  gnathobase  of  the  ooxopodite,  as  described 
by  the  writer.  Inasmuch  as  Jaekel  has  never  seen  the  original 
specimens  described,  his  statement  is  practically  without  foundation. 
It  may  also  be  added  that  the  types  and  best-preserved  individuals 
have  been  retained  in  the  collections  of  the  Yale  University  Museum. 
The  photographic  illustrations  accompanying  this  article,  it  ift 
believed,  will  refute  his  statement,  and  the  specimens  themselves 
would  serve  the  same  purpose  more  completely,  since  from  the 
black  nature  of  the  rock  and  the  nouactinic  character  of  the  fossils 
the  photographs  feebly  represent  the  delicate  structures  actually 
preserved,  which  are  clearly  visible  to  the  eye. 

The  ventral  membrane  of  Triarthrus,  as  well  as  of  other  trilobites 
where  it  has  been  observed,  is  of  extreme  tenuity,  and  only  under 
the  most  favourable  conditions  has  it  been  preserved.  The  mem- 
brane itself  was  a  thin,  unealcified,  chitinous,  flexible  pellicle,  ami 
thus  was  in  strong  contrast  with  the  much  thicker  and  calcified 
dorsiil  test. 

In  the  preparation  of  a  specimen  to  show  the  appendages  from 
the  ventral  side,  very  little  of  the  ventral  membrane  is  commonly 
exposed,  owing  to  the  crowded  arrangement  of  the  legs,  but  when  . 
the  appendages  are  removed  it  is  possible  to  view  the  entire  ventral 
integument.     This  process  has  been  carried  out  in  a  considerable 

»  Op.  cit. 
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roJ.  x\ri  (1870). 
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Dumber  of  Bpecimeiii,  and  some  of  the  more  evident  ohanwten  are 
herawitla  deaoribed. 

The  membrane  under  each  plearon  (plenrotergite,  Joekel),  or 
the  plearoBtemite,  ai  it  may  be  termed,'  was  amooth  and  extremely 
thio,  aad  in  the  fouile  it  ie  invariably  oonoave.     This  waa  probably 


gkbellai 


Fro.    1. — A  specimeg  ut   Triurlhnii  Jterii,  Uri'i'it ;    viincil  Icuiti  tin-  ventral  side. 

The  appendtt(:*s  have  been  removed  and  the  ventral  numbrano  ciposed.  In  tho 
>eUar  region  are  seen  ths  hy|iiiHtiiinii,  and  just  luOow  it  the  aemii^ircular 
cei  metastama  with  sidu  lai>p(-t<i.    Bclov.  in  the  uxiul  re^riun,  the  huttressH 

anrl  thiclcenings  of  the  eternal  an-hva  am  eleiirly  mnrkec),  m  described  in  the  text. 

Enlarged  about  niao  dinmelen. 
the  condition  during  life,  to  aIIow  space  for  llie  biramoua  legs  and 
for  their  infolding  during  enrolnienl.     It  nliould  be  noted,  however, 
that  the  dorsal  and  ventral  iutegtimenia  in  Uie  foaailB  are  generally 
Tery  close  together  throughout,  leaving  but  a  small  cavity  for  the 

'  Jaekel  baa  eu|^g;csted  the  name  meaotci^te  to  aupplant  the  tcrmi  a\is  or 
tCT^ni,  and  pleurotergile  in  plueu  ot  pleurun  or  epimerum,  as  applied  to  the 
Itilobites.  This  seems  a  useful  teriniuolo<;T  sinco  the  aldtr  Icrma  are  oflvn  loosely 
Wed  »ad  hare  somawbHt  different  rai:anin;,'s  in  other  g^roups.  Appljing  thia  sjTrtom 
o!  aomenclature  to  the  rentral  inlef^nment.  the  writer  would  propoac  the  tcnna 
XKidmito  for  the  memhrano  honeatb  each  mesotergite,  and  pleHroilernili  for  ttke 
■umbiaae  beneBth  each  plenrotertrilc.  The  interarticuliiT  memtiianes  ut>  luA 
iatluded.  . 
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soft  parts  of  the  animaL  The  space  inside  has  donbtless  been 
coDBiderabI;  redacted  by  partial  oollapse  from  the  deoay  of  tlw 
M)ft  parts  of  the  animal,  and  also  by  the  presaare  of  the  aadimenta. 
llie  size  of  the  body-oavity  is  nnqaestionably  more  oorreotly  Bfaown 
ia  the  speoimens  desoribed  by  Waloott'  and  Hiokleborongh,*  friHD 
the  Trenton  limestone  and  Cincinnati  shales  respeotively,  where 
ihey  have  apparently  anfFered  less  oompresnon. 

Waloott  showed  that  the  membrane  in  Calfmeiu  and  Ceraunu 
was  strengthened  in  each  segment  by  a  transverse  arch,  to  which 
the  appendages  were  attached  at  the  sides  of  the  axis.  These  arohea 
were  oonneoted  by  a  thinner  membrane  (the  interarticalar  membrane), 
and  were  aplly  compared  to  the  aroh^  in  the  ventral  integument  of 
many  of  the  decapods.  Similar  features  are  present  in  Triarthnu, 
as  illustrated  in  PI.  XI,  Fig.  1,  and  Figs.  1-3  in  text,  where 
it  is  seen  tiiat  the  interartiaular  membrane  (Fig.  3)  in  a  normally 


Fio.  3. — The  isame  upecimeii  enlurgeil  unl]'  a  little  more  than  thnw  diameten.     Tha 

illumioBtioD  ie  from  the  aide  opposite  to  that  in  the  preceding  figure. 
extended  individual  is  somewhat  less  than  half  the  length  of  the 
iirohes.  The  chitinous  integument  of  the  arches,  or  meeosternites 
«8  they  may  oonvenieiitly  lie  called,  is  thickened  along  the  borden, 
and  appears  to  be  slightly  incurved  on  the  posterior  edge.  The 
arches  me  further  strengthened  by  a  series  of  median  and  obliqne 
longitudinal  ridges,  or  buttresses,  which  are  generally  progressively 
more  developed  in  passing  anteriorly  from  the  pygidium  along  the 
(borax  III  the  neck-segment  of  the  cepbalon. 

The  ventral  aroh  of  each  segment  has  the  following  arrangement 
of  these  ridges  : — There  ia  first  a  median  ridge  generally  extending 
Irom  the  posterior  border  entirely  across  ihe  plate,  but  somedmes 
liecouiiiig  obsolescent  near  ihe  anterior  border.  Then,  on  each  side, 
(here  is  an  oblique  ridge  making  an  angle  of  about  sixty  degrees 
with  the  posterior  edge  and  extending  inward,  but  not  meeting 
the  median  ridge,  thus  enclosing  a  subtriangular  apace  with  the 
anterior  apex  truncated.  Outnide  of  these  ridges,  but  still  within 
the  axial  region,  (here  is  ulteu  a  second  pair  of  somewhat  mon 
oblique  ridges,  enclosing  rhombic  areas. 

I  Op.  fil.  '  Op.  fit 
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The  ridgei  are  olearly  proiliioed  b;  a  tliiokening  of  the  veDti&L 
iBt^^n)«Dt,  and  oan  be  >eeii  when  vieneil  from  the  doraal  side 
of  •  ^MoimeD  in  which  Ibe  doriMl  teat  and  filling  of  the  body-oavity 
bave  been  remOTed.  Theg  are  tku$  partly  or  tehoUy  of  the  nature  of 
tfodtmem,  or  plate*  of  ehitia,  tehieh  pa»$  inward  front  the  meioatenUtet 
mJ  divide  a*  uell  at  Mupport  intemat  organs,  and  they  are  mot, 
tkerefore,  I'a  ang  lenee  the  proximal  jointi  of  leg*.  Besides  serving 
Id  thia  manner  they  were  doubtless  efficient  in  givinj^  the  necessary 
B  to  the  ventral  arahes  for  tlie  nltAclinient  of  n 


^.rf 


Fio.  i.—Triartkru»  Beeki,  Irreen.  Thn  vnutral  rai.ii  ul  tliu  middli.'  tlionieic  ragioD 
of  the  ipedmeo  illiutrated  on  Plate  XI ;  showin|r  Ibe  ends  of  the  plenTotenjiteii 
on  the  oatside,  with  the  ioiDls  of  the  endopoditen  within  the  pleural  regions. 
and  the  ^nathoba«e«  eitendio;;:  obliquelj  inwaid  in  the  Biis.  The  atenial  imhef 
with  their  longitudinal  ridden  and  the  interartirular  mt^mbraniH  are  reprcaented. 
Enlarged  four  and  one-fourth  dianiiiters.  The  eiUnsions  of  the  limba  bajodd 
tbe  corapacf?  are  omitted. 

Were  these  observationH  confined  wholly  to  the  specimens  of 
Triarthrut,  there  might  Htill  be  some  chance  uf  error,  although  it 
ia  believed  that  the  evidence  presented  by  this  genus  alone  is  quite 
■nfficient.  Additional  data,  however,  will  now  be  given,  regarding 
other  genera  and  families  of  trilobiteH.  deHcribed  independently  by 
other  authors,  and  with  no  intention  of  representing  the  detailed 
obaracters  of  the  ventral  arches.  In  the  search  for  trilobite  appendages 
by  variona  investigators,  the  ventral  membrane  has  naturally  been 
of  secondary  oonaideratioQ,  and  in  the  case  of  Jaekel's  work  was 
of  no  consideration  whatever. 

The  earliest  stadieii  and  illustrations  of  trilobites  giving  BOtue 
eridenoe  of  the  nature  of  the  ventral  membrane  are  those  by 
Waloott  on  the  genera  Calymene  and  Ceraurni.  The  limitations 
of  the  ventral  body-walla  of  the  animal  were  clearly  shown  by 
t  marked  ohaoge  in  the  colour  of  the  rock  between  the  while 
calcite  filling  the  body-cavity  and  the  dark  limestone-  matrix.  In 
Kg.  4,  after  Waloott,'  showing  a  transverse  section  of  Calymene  in 
the  thoraoio  region,  it  is  seen  that  the  membrane  in  the  axis,  or 
tlia  meBoatemite,  is  marked  by  four  distinct  lobes  representing 
Qoas  aeotiona  of  longitudinal  folds,  and  also  that  the  legs  are  olearly 
kltaohed  at  the  sides.  These  folds  can  in  no  way  be  couatraed  as 
proximal  joints  of  legs.  The  gnathobaaea  in  Calymene  are  given 
■  Op.  eit. 
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tB  MetkRw,  in  fig.  3,  |iL  iii  of  Waleott'a  ivpur,  utd 

S^  2  of  tlw  Mm«  plate.     Dnring  a  nerat  Tint 

of  ComparatiTe  Zool<^^,  Ibe  writer  examiited  Bianj  of  the  aectiou 

made  tij  WalcoU  dnring  bia  long  and  anoceaafnl  Ba«rdi  for  trilobita 

i^ipenilai^iHi.     Tbe  »tnicmw  ahown  in  the  fifcnre  her«  frirai  (Rg.  i) 


-  „  „  ,      jna,Cmami; 

■fier  Wmlrott ;  to  ibow  tbe  (Mi  <d  tke  Tcntnl  integmeat  ud  the  banl  jointa 
of  the  1^1,  with  their  poioti  of  ■tUclinait  it  the  Met  of  tlie  atenul  anh. 
Eolu^  tkiM  diuKlen. 

waa  Tsrified,  aod  other  sections  were  obwrred  in  which  the  folds 
were  more  pTonounced,  t>oinetimea  extending  as  thin  lamiose  into 
tbe  body-CATttr,  thtis  hsTinf;  the  chancter  of  a  nrrinal  apodeme. 


Yk).  J. ditphit  iiuj/itloi,  Locke.     A  leduced  uutliou  uf  the  figure  pnbUahed  I7 

MicUeborough ;  shoving  the  endopodilea  in  the  pleural  areei,  wiUi  the  gnstho- 

liasea  exttndfng  obliquely  imrard  fiom  tbe  sides  of  the  ailB,  aod  in  the  poeteriot 

thocacic  median  line  the  lidgea  01  folds  of  the  veatral  integtunent.     One-half 

natuTBi  size. 

The  second  instanoe  to  he  noted,  where  the  ventral  membrane 

has  previoualy  been  illustrated,  is  a  speoimea  of  Ataphut  taegUto; 

Looke,  first  desorihed  by  Mickleborougb  '  from  the  Cinoinn&ti  sbalet 

in   Ohio.     In  his  figure,  an   outline  of  which   is  here  reprodnoed 

(Fig.  5),  there  are  shown  a,  number  of  discontinuous  longitudinal 

lines   in   the  axis  of  the   posterior   thoracio  region.     "      "' 

■  Op.  cif . 


Mr.  Charles 
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Sohocbert  has   kindly  examiued   the  ori^nal  speoimen,  now  pre- 
served in  the  United  States  National  Museum,  and  writes  that  tbe 
longitudinal  wrinkles    in   the    axis  are    organic  and    not  due  to 
aocident   nor  to  tool-marks.     In  the  best-preserved   series  "tbere 
are  five  longitudinal  ridges,  a  central  one  with  two  on  each  side." 
They  appear  in  cross  section,  as  shown  in  the  sketch  furnished  by 
Mr.  Schuchert  (Fig.  G). 


Fio.  6. —  An  enlarged  profile  of  the  mesoetemal  ridg^  uf  the  prectnliug ;  from 
a  sketch  furnished  the  writer  by  Schuchert.  The  lower  represents  the  ventral 
aspect. 

The  correct  interpretation  of  this  specimen,  as  illustrated  by 
Mickleborongh  ^  and  Walcott,^  is :  That  the  club-shaped  bodies 
lyJDg  within  the  axis  are  the  gnathobases  attached  at  the  sides 
of  tbe  axis ;  the  curved  members  extending  outward  from  the 
gnathobases  are  the  endopodites;  the  longitudinal  ridges  in  the 
ventral  membrane  between  the  inner  ends  of  the  gnathobases  are 
the  buttresses  and  apodemes  of  the  mesostemites ;  the  slender  oblique 
rod-like  bodies  shown  in  the  right  pleural  region  in  Walcott*8  figure 
are  portions  of  the  fringes  of  the  exopodites. 

The  last  specimen  to  be  noted  in  this  connection  is  the  individual 

of  Ptyehoparia  striata,  already  mentioned  as  described  by  Jaekel.' 

A  reduced   photographic   reproduction    of    his  figure   (Fig.    7)   is 

presented  here  for  comparison  with  similar  structures,  as  described 

in   TriarihruB,   Calymene,    Ceranrus,  and    Aaaphus,     From  the  data 

here  deduced,  it  would  seem  obvious  that  the  specimen  shows  the 

imprint  of  the  ventral  integument  in  the  axial  region,  the  dorsal 

test  and  filling  of  the   body-cavity  having  been  removed.     As  in 

Triarthrus,  the  body  has  suffered  collapse,  thus  bringing  the  dorsal 

and  ventral  walls  quite  near  together.     In  tbe  middle  of  each  of  the 

five  or  six  anterior  ventral  arches  is  a  groove  left  by  the  solution 

of  the  chitinous  median  apodeme,  or  buttress.     On  either  side  are 

two   oblique  grooves   limiting  two  subangular  areas,  and   outside 

of  these   are  two   other  oblique  grooves  marking  off  sub-rhombic 

areas.     The  grooves  in  each  case  represent  the  cavities  left  by  the 

removal   of  the    chitinous   thickenings   of    the   membrane   of  tbe 

trilobite.     Jaekel's  attempt  to  remove  the  rock  filling  these  areas 

naturally   was    ineffectual,   since   the   latter  represent   the   actual 

impression  of  the  ventral  integument.     Were  they  simply  the  fillings 

of  tbe  hollow  leg  joints,  as  he  claims,  they  should  be  readily  detached 

from  the  matrix. 

The  foregoing  descriptions  and  discussions  of  the  character  of  the 
central  integument  in  trilobites  would  have  little  or  no  scientific 
Talue,  and  would  be  about  as  useless  as  a  minute  analysis  of  the 
nodes  and  tubercles  on  the  glabella  of  a  Phacopa,  were  it  not  for 
tbe  fact  that  from  them  it  is   possible  io  reach  some  conolus\ow% 

'  Op.  cit.  -  Op.  cif.  3  Op  ^\x 
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add  Boruetiiing  to  the 


regarding  the  myulugy  of  trilobileM,  and  tliu 
knowledge  of  their  internal  organization. 

In  the  abdomen  of  a  normal  crustaoean,  as  ia  well  known,  there 
ia  a  pair  of  lonj{<l<«liD<il  dorsal  musolet,  the  txtenton  of  the  abdomen. 
They  divide  into  bundles,  whioh  are  attached  on  the  inner  aorfaoea 
of  the  tei^iteH  of  the  somites.  Likewise,  on  the  ventral  side,  there 
is  a  larger  pair  of  longitndimil  muscles,  the  JkxoT»  of  the  abdomen, 
from  which  Htraiuls  are  given  off  and  attached  to  each  sternal  arch. 


tlie  lilling  of  the  bodj-f 

■-rtheimr— -'"-' 
.podemal 


itructur«i.     Beduced 


Flo.  T.  —  Fl'jehopnria  ./ 
a  Bpetimpn  prfnerred 
In  tbe  gUbellar  and 
been  removed  from  tli 

Hnd  rcniral  inteRUmcut  nitli  its  buttre»vA. 
from  the  original  figure  pudlished  bv  Jaekcl. 

The  strands  from  one  somite  nnite  with  the  main  bundles  within  the 
oavit;  of  the  next  anterior  eomilp.  In  a  diagrammatic  form,  this 
disposition  of  the  ventral  niusjies  ia  represented  in  the  aocompanying 
figure  (Fig.  8). 

Now,  since  in  crustaoea  it  is  of  very  common  occurrence  to  have 
ohitinouB  extensions  of  the  integument  within  the  body-oavity  either 
to  divide  or  to  support  organs,  aa  well  as  for  the  attachment  of 
muscles,  it  seema  a  neceasary  conclusion  to  refer  the  thickenings  and 
buttrexRee  on  the  ventral  membrane  of  trilohites  lo  the  same  class 
of  structures,  which  are  ueually  termed  apodemee.  With  tills 
jnterp  re  J  at  ion,  the   median  longitudinal    ridge  on  the  mesoBternite 
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of  a  trilobite  would  indicate  tbe  line  of  division  between  tbe  two 
main  ventral  bundles.  The  first  pair  of  oblique  ridges  on  each  side 
would  delimit  the  main  bundles  and  side  strands,  and  show  that 
these  strands  joined  the  main  bundles  obliquely  within  the  cavity 
of  the  next  anterior  somite,  as  in  ordinary  Crustacea.  This  accounts 
for  the  anterior  truncation  of  the  triangular  area  between  the  median 
and  lateral  ridges  in  the  trilobi^p. 


7  v^ 


mix 


Fig.  8.  —  Dm^ram  of  the  axial  portions  of  three  segmentii ;  showing  the  rentnd 
abdominal  moscl^,  the  flexors,  represented  n»  two  heavy  longitudinal  lines, 
together  with  the  lateral  strands  attached  to  the  sternal  plate  in  each  somite  and 
oontinaing  obliquely  forward  to  their  union  with  the  main  bundle  in  the  caritj 
of  the  next  anterior  somite. 

The  nature  of  the  outside  pair  of  oblique  ridges  is  not  so  plain. 
They  may  serve  to  divide  the  side  ventral  strands  of  the  flexors 
from  the  bundle  of  muscles  running  from  the  proximal  joints  of  the 
legs  to  the  dorsal  test,  or  they  may  simply  mark  the  outside  of  the 
lateral  strands. 

The  apodemes  in  general  seem  more  strongly  developed  anteriorly 
in  the  thorax.  Possibly,  this  condition  may  be  explained  on  the 
basis  that  the  ventral  pair  of  the  great  flexor  muscles  received  new 
strands  at  each  segment  from  behind  forward,  so  that  near  the 
cephalon  they  became  large  bundles  for  which  progressively  larger 
apodemes  were  formed. 

It  may  be  remarked,  in  conclusion,  that  a  similar  though 
apparently  much  simpler  apodemal  arrangement  would  be  developed 
if  the  myology  of  the  trilobites  agreed  with  that  of  the  theoretical 
crustacean  ancestor,  or  that  existing  in  some  IsopodsjAmphipods,  etc., 
in  which  there  are  no  large  longitudinal  bundles,  but  motion  between 
the  somites  is  effected  by  strands  running  from  one  segment  to  the 
next  anterior.  If  viewed  in  this  manner,  there  would  necessarily 
be  two  median  and  two  lateral  strands.  The  previous  explanation 
i^ems  to  be  more  in  accordance  with  the  structures  actually  seen 
in  the  trilobites,  which  in  general  possessed  the  power  of  enrolment 
to  a  high  degree,  and  would  be  expected  to  have  had  a  well-developed 
and  efficient  system  of  ventral  muscles. 

Summary. — The  ventral  integument  in  trilobites  is  a  thiu  uncalcified 
membrane,  which  may  be  divided  into  pleurosternites  and  meso- 
sternites,  corresponding  to  the  mesotergites  and  pleurotergites  of 
the  dorsal  test,  and  like  them  connected  segmentally  by  an 
interarticular  membrane. 

The  mesostemites  are  usually  marked  by  five  longitudinal  ridges, 
or  buttresses,  representing  thickenings  of  the  membrane,  which 
may  be  homologized  with  apodemal  structures  in  other  cruata^Qdi, 
and  not  with  the  appendicular  eyBiem, 
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These  battresses,  or  apodemes,  iuolude  a  single  median  one  te 
each  mesosternite,  with  two  others  on  each  side  extending  fonmd 
and  obliquely  inward,  and  enclosing  sub-triangular  or  rhombic  spiMNK 

The  presence  and  disposition  of  these  buttresses  apparently  aflbld 
information  regarding  the  ventral  myology  of  the  trilobitea.  A  pdr 
of  flexors  is  indicated,  together  with  the  lateral  strands  attaohed4b 
each  mesosternite  and  extending  forward  and  inward  to  their  anlQii 
with  the  main  bundles  within  the  cavity  of  the  next  anterior 
somite. 

EXPLANATION    OF    PLATES. 

Plate  IX.    Tuiarthrus  Becki,  Green. 

Fio.  1. — A  ti])ecinicn  viewc^l  from  the  dorsal  side;  Hbowinj^  the  extent  of  the 
untcnnulcd  and  tlm  limbt)  ou  the  right  side,  l&largod  aboat  tfami 
diauiutcrs. 

Fio.  2. — The  ventral  side  of  a  ])y}j:idiuni ;  showing  at  the  left  of  the  medtBn  be 
the  form  and  disposition  of  the  cxopodites  and  endopoditee.  The  conioBl 
ends  of  the  joints  of  tho  cndopodites  are  provided  with  bandloi  of  stiff 
hairs.  Owing  to  tlic  conoavitv  of  the  specimen,  it  is  impossible  to  dunr 
it  all  in  proper  focus.     Enlargt^i  t«n  diameters. 

Fio.  3. — The  posterior  portion  of  an  individual  viewed  from  the  Tentnl  side; 
showing  tlic  (lixtal  ends  of  the  exopodites,  with  their  setSB  and  loBfr 
frin<:^es.     Enlarg-cd  nearly  ten  diameU-rei. 

Fig.  4. — Dorsal  view  of  an  individual ;  showing  the  nine  pairs  of  anterior  thoncie 
limbs  fully  extended  on  the  loft  side.  The  jointed  endopoditee  ud 
fringed  exopodit^s  may  l>c  clearly  diffentntiated.  Enlarged  about  threp 
(liamettTs. 

Fig.  5. — A  still  further  t>nlar<ronu>nt  of  somo  of  tht>  limbs  of  the  preceding  spednua; 
showinpf  in  in(»ru  detail  the  distinctive  cbariicters  and  arrangement  of  the 
exopodit4>s  and  cndopodites.     Enlarp^ed  about  ten  diameters. 

Utica  Slate,  Ordovieian :  muir  Rome,  New  York. 

This  plate  of  illustrations,  altliouj^^h  very  inadi-quately  representing  the  aetoal 
objects,  is  introduced  mainly  to  show  the  exquisite  character  of  pretiervation  of  thf 
specimens  of  Trinrthnts. 

Plate  X.    Triartuuus  Kecki,  Groi^u. 

Ventral  view  of  an  individual ;  showing  the  basal  joints  of  the  antennnlcs,  the 
biramous  apiK'iu]n<^f<s,  and  the  stories  of  <rnathobases.  The  appeudagee  within 
the  cephalon  indic;ite  their  ])iramous  structure  like  those  over  the  thorax.  The}' 
are  therefore  not  simple  as  restorinl  by  Jaekcl.  The  anal  opening  is  shown  neij 
the  extremity  of  tho  py^idium,  but  is  obscure  on  accomit  ot  not  l)eiiig  in  focm. 
Enlarj^ed  three  and  one-half  diamettrs.  (Original  of  fig.  1,  pi.  iV,  toI.  XT, 
American  Geoloj^ist,  1895.) 

Utica  Slate,  Ordovician  :  near  Rome,  New  York. 

Plate  XI.    Tkiahtiirvs  Becki,  Green. 

The  ventral  sidt^  (»f  an  individual  pro])nriHl  to  show  the  charact>er  of  the  endopodites 
of  the  entire  thoracic  series.  The  ;cii:^ihobases  an;  distinctly  seen  extending 
obliquely  inward  from  the;  sides  of  the  axis  ;  then  follow,  within  the  plenro- 
sternal  rcj^ion,  the  sub-triau'rular  joints  of  the  cndopodites  with  more  slender 
distal  joints.  The  ori;:in  and  course  of  the  antennules  at  the  sides  of  the 
hypostoma  are  also  shown.  In  the  middle  of  the  axis  of  tho  mid-thoradc  region 
the  ventral  mem])nine  is  exposi>4l,  and  the  transverse  limitations  of  the  sternal 
arches  and  inti>rarticular  membran(>  may  be  obsi'rved.  The  arches  show  the 
buttresstrs  or  ridgt>s  of  apod(^nlal  nature,  us  described  in  the  text.  Enlarged 
three  and  one-half  diameters. 

Utica  Slate,  ()rdo\-ician  :  near  Rome,  Xew  Tozk. 
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lY. — On  the  Correlation  of  the  Palaozoio  Books  of 

South  Afrioa. 

By  Walcot  Gibson,  B.Sc,  F.G.S. 

1HE  publication  of  the  Annual  Reports  for  1898  and  1899  of  the 
Cape  Geological  Commission,  coupled  with  the  recent  account 
the  geology  of  the  Transvaal  Colony  by  Dr.  Molengraaff,  and 
which  a  short  abstract  has  appeared  in  this  Magazine,^  adds 
inderably  to  the  knowledge  of  South  African  geology.  The 
cession  of  the  rock  formations  at  the  Cape  has  been  constantly 
)d  as  a  basis  of  classification  for  the  rock  systems  south  of  the 
tnbesi.  In  his  recent  paper  Dr.  Molengraaff  correlates  the 
mations  of  the  Transvaal  Colony  with  those  met  with  in  the 
ith-eastern  provinces  of  Cape  Colony,  and  emphasizes  the  fact 
kt  the  three  stages  of  the  Pretoria,  Dolomite,  and  Black  Beef 
ies  of  the  Transvaal  Colony  may  be  compared  with  the 
itteberg,  Bokkeveld,  and  Table  Mountain  Sandstone  series  of 
)  Cape.  It  may  therefore  be  of  service  to  show  on  what 
mnds  this  supposed  correlation  is  based.  To  do  this  the 
ioession  at  the  Cape  of  the  formations  below  the  Beaufort  Beds 
the  typical  region  of  the  south-eastern  province  will  first  be 
ren.  The  grouping  adopted  by  the  Cape  Geological  Commission ' 
in  descending  order  of  sequence  as  follows  : — 

Tablb  of  Strata  below  the  Beaufort  Beds  of  Cape  Colony. 

i&Beds     ...         Sandfitone.s  and  shales  with  (rrr;/<7a;no/>^M. 

yka  Series  ...         ...         Confrlomeratos    aud    interbedded    plant  -  bearing 

Bhales.     Included  boulders  of  distant  origin. 

tteberg  Beds       Mainly  quartzites.     Spirophyton. 

ckeveld  Beds       ...         ...         ShaleH,  samlstones,  and  greywackes.      Fossils  of 

a  Devonian  facie.s. 
>lt  Moon  tain  Sandstone  Sandstones  and  quartzites  with  occiuional  shales. 

Oreat  Unconformity. 

Imesbnry  Beds Non  -  fossiliferous  slates,  phyllites,  mica  -  schists, 

and  quartzites.    Granite,  quartz -porphyry,  and 
diabjise  as  intrusive  rocks. 

Prom  the  Table  Mountain  Sandstone  upwards  there  is  no  break 
the  succession  of  these  deposits,  which  are  several  thousand  feet 
ck  and  have  been  traced  successively  along  a  length  of  outcrop 
-ending  for  over  100  miles  ;  on  the  other  hand,  the  hiatus  between 
>  Table  Mountain  Sandstone  and  Malraesbury  Beds  is  unequivocal. 
Phe  whole  series,  excepting  on  Table  Mountain  and  near  the 
i8t,  are  thrown  into  complex  folds,  admirably  displayed  in  the 
IX  River  Mountains  and  Klein  Zwartebergen.  Instances  of 
nplete  inversion  are  not  infrequent,  and  are  particularly  apparent 
rth  of  the  Zwartebergen.  It  is  to  the  south  of  this  range,  in  the 
Ago  district,  that  some  deposits  of  slates,  dolomitic  limestones, 
A  sheared  conglomerates  and  grits  are  met  with  overlying  the 
^ble    Mountain    Sandstone,   but    brought   into   this   position  by 

'  Gbol.  Mao.,  Dec.  IV,  Vol.  VIII  (1901),  pp.  475-S. 
2  Reports,  1897  et  «eg. 
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inversion.  Th^r  ezaot  position  in  the  seqaenoe  is  somewhat 
doabtfuly  bat  in  the  aooonnt  of  the  report  for  1898  it  would  appear 
that  these  Cango  rooks  are  to  be  regarded  as  being  older  than  the 
Table  Moantain  Sandstone,  but  newer  than  the  Malmesbury  Beds. 
Mr.  E.  J.  Dunn  regarded  them  as  the  eqaivalents  of  his  Namaqna- 
land  sohists ;  that  is,  as  belonging  to  a  formation  older  than  the 
Malmesbury  sohists.  The  task  of  unrayelling  the  stratigraphy  of 
this  oomplioated  region  remains  to  be  worked  out  when  better  maps 
are  available.  At  present  it  is  very  unsatisfactory ,  especially  when 
these  Oang^  rooks  appear  to  bear  considerable  resemblanoes  to  soine 
of  the  deposits  of  ihe  Transvaal  Colony,  which  are  considered 
by  Dr.  Molengraaff  to  be  the  equivalents  of  the  Table  Moantain 
Sandstone  and  Bokkeveld  Beds. 

Between  the  areas  occupied  by  these  older  rocks  in  the  south<^m 
provinoes  and  the  Prieska  division  (described  in  the  report  for  1899), 
south  of  the  Orange  Biver,  a  tract  of  country  over  200  miles  wide 
intervenes,  of  which  the  geology  has  not  been  reinvestigated. 
A  large  portion  of  this  area  is  occupied  by  the  Karroo  formation, 
but  the  older  rocks  emerge  from  beneath  it  along  the  edges  of  the 
S^arroo  basin  and  have  not  yet  been  examined  by  the  members  of 
the  Cape  Geological  Commission  along  their  whole  length.  So  far 
as  Messrs.  Bogers  and  Schwarz  have  examined  the  formations 
in  the  district  of  Prieska,  they  have  determined  the  following 
descending  sequence,  naming  the  rock  groups  in  accordance  with 
the  nomenclature  adopted  by  Stow  for  the  regions  north  of  the 
Orange  Biver  in  Oriqualand  West. 

Table  of  Formations  in  the  Prieska  District.^ 

01asial  Oonglomerate  and  Shales        A  coarse  conglomerate  reflembling  a  gmnde 

moraine.  Qyerlving  shales,  carbonaceous 
and  thin-beddea. 

Great  Unconformity. 

ICattap  Seriee        Quartzites  and  grits  with  pebbles  of  jasper 

rock.  A  sheared  conglomerate  at  the 
base  containing  fragments  of  OriquaTown 
Series. 

TTneonformity. 

Griqua  Town  Series         Magnetic  jasper  rocks. 

Campbell  Band  Series      Limestones  and  c^uartzites. 

Keif  Series Quartzites  and  mica-schists. 

A  granitic  series  is  found  in  connection  with  the  Eeis  group  of 
rooks,  but  the  relation  of  the  two  is  uncertain.  Messrs.  Rogers  and 
Schwarz  state  (p.  75  in  report  for  1899) :  *'  although  the  conohision 
is  mostly  supported  by  negative  evidence,  it  is  probable  that  the 
whole  granitic  series  was  intruded  among  the  Eeis  rocks,  and  that 
its  gneissose  structure  was  impressed  upon  it  at  the  time  when  the 
dominant  strike  was  given  to  the  sedimontaries."  The  Campbell 
Rand  and  Griqua  Town  Series  constitute  a  great  mass  of  rooks, 
forming  the  Doornbergen  and  other  areas  in  the  district  Together 
with  the  Eeis  Series  they  appear  to  form  an  ascending  sequence 

'  Keport  for  1899,  Cape  Geological  Commission. 
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in  the  portion  of  the  Doornbergen  examined,  but  inversion  due  to 
overfolding  oocurs  near  Prieska  Poort.  The  Matsap  Series  are 
foond  lying  in  part  unconformably  on  the  dolomitio  limestone 
and  in  part  bounded  by  amygdaloidal  lavas.  The  thickness  of  these 
beds  is  given  by  Messrs.  Rogers  and  Schwarz,^  as  at  least  3,000 
feet,  and  the  top  is  not  seen. 

The  Olacial  Conglomerate  rests  unoonformably  upon  all  the 
previons  rooks.  A  description  of  this  remarkable  oonglomerate 
has  appeared  elsewhere,'  and  need  not  be  repeated.  Stratification 
is  generally  absent  and  the  boulders  are  of  local  origin  ;  thas 
differing  in  a  very  marked  manner  from  the  Dwyka  Conglomerate, 
with  which,  however,  it  seems  to  occupy  a  similar  position  in  regard 
to  the  beds  above,  the  conglomerate  of  both  regions  lying  towards 
the  base  of  the  Ecca  Series. 

Snob  is  the  succession  met  with  round  Prieska.  It  is  seen  to 
differ  materially  from  that  of  the  southern  provinces.  Bocks 
resembling  the  Table  Mountain  Sandstone,  fiokkeveld  fieds,  and 
Witteberg  Series  are  absent,  while  the  Glacial  Conglomerate  rests 
unoonformably  on  a  group  of  strata,  of  which  the  representatives 
may  be  found  among  the  problematical  rocks  of  the  Cango  district, 
and  there  only  in  a  very  imperfect  degree. 

In  the  south  there  is  a  great  break  between  the  Table  Mountain 
Sandstone  and  Malmesbury  Beds.  Do  these  Prieska  rocks  bridge 
over  the  gap  ?  It  is  interesting  to  find  that  the  formations  round 
Prieska  have  had  intruded  into  them  igneous  rocks  of  pre-Karroo 
and  post-Karroo  ages.  In  all,  Messrs.  Hogers  and  Schwarz  have 
detected  five  distinct  types  of  igneous  rocks,  but  their  complete 
history  has  not  l)een  made  out. 

Considered  as  a  whole,  the  geological  record  of  the  Palasozoic 
formations  of  Cape  Colony  as  at  present  determined  is  very 
incomplete.  Excepting  the  sequence  from  the  Table  Mountain 
Sandstone  up  into  the  Ecca  in  the  south,  the  formations  are  met  with 
only  in  fragments,  and  the  data  necessary  to  piece  them  together 
are  wanting  or  remain  to  be  discovered.  It  thus  happens  that  the 
seqnc'tice  of  rocks  in  the  south-east  cannot  be  satisfactorily  compared 
with  that  in  the  north-west. 

It  is  a  matter  for  regret  that  the  relationships  of  the  Cango 
deposits,  Malmesbury  schists.  Table  Mountain  sandstones,  and  of 
the  Prieska  rocks,  with  their  igneous  history,  have  not  yet  been 
clearly  determined.  The  Prieska  rocks  strike  across  the  Orange 
Biverand  are  typically  developed,  judging  from  Stow's  descriptions,' 
in  Griqualand  West,  and  with  these  the  rocks  above  the  famous 
*  Banket '  formation  of  the  Transvaal  Colony  have  been  compared. 

*  Report  for  1899,  p.  83. 

^  A.  W.  Rogers  &  E.  H.  L.  Schwarz  :   Trans.  Soc.  Afr.  Phil.  Soc,  vol.  li,  pt*  2, 
pp.  113-120. 
'  Quart.  Joum.  Geol.  Soc,  vol.  xxx  (1874),  pp.  681-680. 
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Y. — A  List  of  thb   'Type,'   Figured,   and  Desobibed  Fobsils 

IN  THE  NoBwroH  Castle  Museum. 

By  Frank  Lbnbt,  Assistant-Curator  of  Norwich  Museum. 

THE  generio  and  specific  names  and  the  horizons  are  those  given 
by  the  authors.  The  numbers  in  square  brackets  correspond 
to  those  of  the  Museum  register.  A  list  of  references  and  a  history 
of  the  collectioDS  is  given  at  the  end.  The  localities,  except  where 
otherwise  stated,  are  in  Norfolk. 

MAMMALIA. 

Aleea  (Oervua)  bovidea,  Gunn  MS.  (E.  T.  Newton).  Left  frontal 
and  antler.  E.  T.  Newton,  "Vert.  Forest  Bed"  (1882), 
p.  52.  "Memorials  of  John  Gunn"  (1891),  p.  80,  pi.  i 
(Cervidaa),  fig.  A.  Forest  Bed :  Norfolk  Coast.  Gurney  Coll. 
[826].     Type. 

^—  Left  frontal  and  antler.  "  Memorials  of  John  Gunn  "  (1891), 
pp.  80,  81,  pi.  V  (Cervidas),  fig.  2  (as  H.).  Forest  Bed  : 
Bacton.     Gunn  Coll.  B.  [327]. 

vide  A.  latifrons  (Johnson)  [322] . 

Alces  Cromptonif  Gunn  MS. ;  vide  Alcea,  sp.  [240]. 

Aleea  laiifrons  (Johnson).  Cranial  fragment  Boyd  Dawkiiis, 
"  CervidsB  "  (Pal.  Soc,  1887),  p.  2,  pi.  i,  fig.  2  [Kessingland 
errore'].  "Memorials  of  John  Gunn"  (1891),  pi.  v 
(Cervidas),  fig.  1  {A.  (Cervus)  bovidea,  Gunn  MS.).  Forest 
Bed  :  Pakefield.     Gunn  Coll.  139  [322]. 

vide  Cervus  latifrons,  Johnson  [245]. 

Aleea,  sp.  Right  shed  antler.  "  Memorials  of  John  Gunn  "  (1891), 
pi.  V  (Cervidas),  fig.  4  {A,  Cromptonif  Gunn  MS.).  Forest 
Bed  :  Trimmingham  beach.     Bev.  J.  Crompton  [240]. 

Shed  antler.     Ibid.,  p.   83,  pi.  v  (Cervidae),  fig.  5.     Forest 

Bed :  Pakefield  beach.     Gunn  Coll.  135  [324]. 

Antler.     Ibid.,  p.  82,  pi.  vi  (Cervidae),  fig.  4.     Horizon  and 

locality  unknown.     Gunn  Coll.  F.  [304]. 
Arvicola  (Evotomys)  intermedins,  E.  T.  Newton.     Right  lower  jaw. 
E.  T.  Newton,  "Vert.  Forest  Bed"  (1882),  p.  86,  pi.  xiii, 
figs.  12a,  h.    Norwich  Crag :  Bramerton,  Norwich.    Reeve 
Coll.  [524]. 

Lower  left  anterior  cheek  tooth.     Ibid.,  p.  86,  pi.  xiii,  fig.  13. 

Norwich  Crag  :  Thorpe,  Norwich.     Fitch  Coll.  [561]. 
Balanoptera  ?  sp.     Vertebraa.     Ibid.,  p.  108.     Forest  Bed  :    Bacton 

and  Mundesley.     Gunn  Coll.  [620,  522]. 
Bison  bonaaus,  Linn.,  var.  priscns,  Boj.      Horn- cores.    E.T.Newton, 

Geol.  Mag.  [3],  vol.   vi    (1889),   p.    146.     Forest   Bed: 

Bacton  and  Happisburgh.  Colmau  Coll.  [482-486]. 
Cervns  ardeus,  C.  &  J.  (Falconer  MS.)  ;  vide  Cervus,  sp.  [323]. 
Cervus  bovides,  Gunn  MS.  (E.  T.  N.)  ;  vide  Alcea  (Cervus)  bovidet 

[326]. 
Cervus  carnutorum,  Laugel.     Base  of  shed  antler.     Boyd  Dawkins, 

Quart.   Joum.   Geol.    Soc,    vol.    xxviii    (1872),   p.   409, 
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woodcut. .  Chillesford  Beds :  Aldeby,  Suffolk.     Rose  Coll. 

[287]. 
GervuM  DawJnnn,  E.  T.  Newton.     Portion  of  antler.     Boyd  Dawkins, 

"  Cervid®  "  (Pal.  Soo.,  1887),  p.  10.     Forest  Bed :  Corton, 

Suffolk.     Golman  Coll.  [329]. 

vide  a  Fitehiu  Gunn  MS.  [303]. 

Oermu   Fiiehii,   Ounn   MS.    (E.   T.  Newton).      Left    shed  antler. 

E.  T.  Newton,  "Vert.  Forest  Bed"  (1882),  p.  56  [Baoton 

errore^.     Boyd   Dawkins,   "Cervid»"  (Pal.  Soo.,  1887), 

pi.  ii,  fig.  2  (C7.  Datokinai,  Newton).     *'  Memorials  of  John 

Gunn"  (1891),  pi.   vi    (Cervidae),   ^g,   1.     Forest   Bed: 

Mundesley.     Fitoh  Coll.  [303].     Type, 
Genma  Flowerii,  Gunn  MS. ;  vide  Oervua,  sp.  [501]. 
Cervus    latifrons,    Johnson.      Left    frontal    and    antler.      Randall 

Johnson,   Ann.   Mag.    Nat.    Hist.   [4],    vol.   xiii    (1874), 

p.  2,  pi.  i.     Boyd  Dawkins,  "Cervidce"  (Pal.  Soc,  1887), 

p.  4,  pi.  i,  fig.  6  (Alces  latifrons).     Forest  Bed:  Happis- 

burgh.     Col  man  Coll.  [246].     Type. 
Gervtts  polignacuSf  Robert.     Portion  ot  shed  antler.     Falooner,  ''  Pal. 

Memoirs"  (1868),  vol.  ii,  p.  479.     E.  T.  Newton,  "Vert. 

Pliocene  Deposits"  (1891),  pi.  iv,  fig.  12.     '< Memorials 

of  John  Gunn"  (1891),  pi.  i  (Cervidae),  No.  94.     Forest 

Bed  :  Mundesley.     Gunn  Coll.  94  [316]. 
Portion  of  antler.     *'  Memorials  of  John  Gunn  "  (1891),  pi.  ii 

(Cervidas),   No.    95.      Forest    Bed  :    Mundesley.      Gunn 

Coll.  95  [317]. 
CervuB  Saviniy  Dawkins.    Base  of  left  antler.    Ibid.,  pi.  vii  (Cervidaa), 

fig.  4.     Forest  Bed  :  Kessingland.    Gunn  Coll.  515  [314]. 
Portion  of  antler.     Ibid.,  pi.  vi    (Cervidse),   fig.  2.      Forest 

Bed  :  Mundesley.     Gunn  Coll.  116  [319]. 
Beam  of  antler.     Ibid.,  pi.  vii  (Cervidse),  fig.  5.     Forest  Bed  : 

Norfolk  coast.     Gunn  Coll.  524  [309]. 
-——  vide  Cervus,  sp.  [306]. 
Ctrvus    Sedgwickii,    Falconer.       Right    antler.       Falooner,    "  Pal. 

Memoirs"    (1868),    vol.    ii,    p.    472,    pi.    xxxvii,    fig.  1 

(Eucladoceros).       **  Memorials   of  John    Gunn  "    (1891), 

pi.  iii  (Cervidae),  No.  99.     Forest  Bed  :   Bacton.      Gunn 

Coll.  99  [243].     Type. 
Bases  of  shed  antlers.      Falconer,  "Pal.  Memoirs"   (1868), 

vol.  ii,  p.  475,  pi.  xxxvii,  figs.  2,  3.    Forest  Bed  (?) :  dredged 

off  Norfolk  coast.     Rev.  W.  Foulger  [241,  242]. 
Fragment  of  antler.     "Memorials   of  John    Gunn"   (1891), 

pi.   iii    (Cervidas),   No.    100.      Forest   Bed :    Mundesley. 

Gunn  Coll.  100  [307]. 
"-^-  Portion  of  antler.     H.  B.  Woodward,  Proo.  Geol.  Soc,  Aug. 

1893,    vol.   xlix,    p.    146.      Norwich   Crag  :     Bramerton, 

Norwich.     R.  W.  Hinton,  Esq.  [315]. 
OertuB  taraTidus,  Linn.     Frontals  and  antlers.     Owen,  "  Brit.  Foss. 

Mamm."  (1846),  p.  479,  fig.  197.     Flower  &  Lydekker, 

"  Mammalia  "  (1891),  p.  325,  hg.  131  (Rangi/erV    Ci^\V:\<i». 
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«' Textbook  of  Geology"  (1898),  p.  1061,  fig.  460. 
Bilney  Moor,  East  Dereham.  Koae  Coll.  [70]. 
CervuM  veriicomis,  Dawkins.  Left  shed  antler.  Falooner,  ''Pal. 
Memoirs"  (1868),  vol.  ii,  p.  479  {8tr<mgyloeero9).  Boyd 
Dawkins,  (^uart.  Jonm.  Geol.  Soa,  vol.  zzviii  (1872). 
p.  405,  fig.  2.  "  Memorials  of  John  Oirnn  "  (1891),  pi.  ii 
(Cervid»),  No.  97.  Forest  Bed  :  Pakefield  beach.  Onnn 
Coll.  97  [805].     Type. 

Right  shed  antler.      "  Memorials  of  John  Gnnn  "  (1891), 

pi.  vii  (CervidsB),  fig.  2.  Forest  Bed  :  Kessingland. 
Gunn  Coll.  504  [325]. 

Portion  of  left  shed  antler.    Boyd  Dawkins,  *'  CervidsB  "  (Pal. 

Soc.,  1887),  p.  23,  pi.  ▼,  figs.  1,  la.  Forest  Bed  :  Corton, 
Suffolk.     Colman  Coll.  [269]. 

Base  of  shed  antler.      "  Memorials  of  John  Gunn  "  (1891), 

pi.  iii  (Cervidsd),  No.  107.  Forest  Bed  :  Mnndeslev. 
Gunn  Coll.  107  [311]. 

vide  Cervua,  sp.  [320]. 

Cervua,  sp.  Cranium  and  base  of  right  antler.  Falooner,  '*  Pal. 
Memoirs"  (1868),  vol.  ii,  p.  477,  note  23.  •*  Memorials 
of  John  Gunn"  (1891),  pi.  iv  (Cervid»),  No.  104 
{C.  verticomis).  Forest  Bed  :  Kessingland  beach.  Gunn 
Coll.  104  [320]. 

Cranium  and  bases  of  antlers.      Falooner,  "  Pal.  Memoirs  " 

(1868),  vol.  ii,  p.  476,  note  20.  "  Memorials  of  John 
Gunn"  (1891),  pi.  iv  (Cervidaa),  No.  101.  Forest  Bed: 
Kessingland.     Gunn  Coll.  101  [321]. 

Cranium.     Falconer,  *«  Pal.  Memoirs"  (1868),  vol.  ii,  p.  476, 

note  21.  "Memorials  of  John  Gunn"  (1891),  pi.  iv 
(Cervidffi),  No.  102  (C.  Savini).  Forest  Bed:  Norfolk 
coast.     Gunn  Coll.  102  [306]. 

Left  shed  antler.     "Memorials  of  John  Gunn"  (1891),  pi.  vi 

(Cervidee),  fig.  3.  Forest  Bed  :  Pakefield  beach.  Gunn 
Coll.  E.  [308]. 

Base  of  antler.      Ibid.,  pi.  vii  (Cervidae),  fig.  3  (C  Floweri, 

Gunn  MS.).  Norwich  Crag:  Thorpe,  Norwich.  Gunn 
Coll.  501  [813]. 

Base  of  antler.     Ibid.,  pi.  iii   (Cervidae),   No.   106.     Forest 

Bed  :  Norfolk  coast.     Gunn  Coll.  106  [318]. 

-  Fragment  of  antler.    Ibid.,  pi.  iii  (Cervidae),  No.  98.    Norwich 

Crag  :  Coltishall,  Norwich.     Gunn  Coll.  98  [302]. 

Fragment  of  shed  antler.      Ibid.,  pi.  ii   (CervidsB),  No.   96. 

Norwich  Crag  :  Horstead,  Norwich.    Gunn  Coll.  96  [310]. 

Portion   of    antler.      E.   T.    Newton,    *'  Vert.   Forest    Bed  " 

(1882),  p.  63.  "  Memorials  of  John  Gunn  "  (1891),  pi.  iii 
(Cervidaa),  No.  105  (C,  ardeus,  Falo.  MS.).  Forest  Bed : 
Mundesley.  Gunn  Coll.  105  [323]. 
Delphtnua  delphiSf  Linn.  VertebrcB.  E.  T.  Newton,  "  Vert 
Pliocene  Deposits"  (1891),  p.  79.  Fluvio-marine  Crag: 
Aldebj,  SuflFolk.    Crowfoot  and  Dowson  Coll.  [607-611]. 
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JEiepha»  antiquus,  Fala  Maxilla  with  molar  teeth.  Falooner, 
"Pal,  Memoirs"  (1868),  vol.  ii,  p.  182  [Ostend  errorel. 
Leith  Adams,  '<  Brit  Foss.  Elephants "  (Pal.  Soc,  1877), 
p.  39.  Forest  Bed:  Happisburgh.  Guno  C!oll.  218 
[1827]. 
■  Right  upper  molar.  Leith  Adams,  **  Brit.  Foss.  Elephants  " 
(Pal.  Soc,  1877),  p.  32.  Forest  Bed  :  Baoton.  Oarney 
OoU.  46  [1844]. 

Upper  molar.      **  Memorials  of  John  Gunn  "   (1891),  pi.  i, 

(Probos.),   fig.    F.      Forest   Bed  :    Happisburgh.      Gann 
Coll.  354  [1826]. 

Lower   jaw.      Falconer,    "Pal.   Memoirs"    (1868),   vol.   ii, 

p.  188.  Leith  Adams,  "Brit  Foss.  ElephanU"  (Pal. 
Soc.,  1877),  pp.  39,  55.  "Memorials  of  John  Gunn" 
(1891),  pi.  iii  (Probos.),  (prototype  of  E,  primigenim). 
Forest  Bed  :  Cromer  Jetty.  W.  H.  Windham,  Esq. 
[1847J. 

Left    ramus    of    mandible.       Leith     Adams,    "  Brit.    Foss. 

Elephants"  (Pal.  Soc.,  1877),  pp.  39,  55.  *' Memorials 
of  John  Gunn  "  (1891),  pi.  iv  (Probos.),  No.  2  {E.  giganteus 
intermedius).  Forest  Bed :  Mundesley.  Gunn  Coll.  361 
[1703]. 

Lower   m.m.   2.      Leith    Adams,    "Brit    Fobs.   Elephants" 

(Pal.  Soc,  1877),  p.  15.  Forest  Bed :  Cromer.  Fitch 
Coll.  [1728,  1751]. 

•  Lower   m.m.   3.      Leith  Adams,  ibid.,  p.  18.      Forest   Bed: 

Norfolk  coast     Gunn  Coll.  304  [1970]. 

Right  lower  m.  3.     Leith  Adams,  ibid.,  pp.  174-177,  pi.  xx, 

figs.  1,  2.  "Memorials  of  John  Gunn"  (1891),  p.  72 
{£.  meridionalis).  Forest  Bed  :  Corton,  Suffolk.  Culman 
Coll.  [1788]. 

Lower  m.  3  in  jaw.     Leith  Adams,  ibid.,  p.  89.     Forest  Bed  : 

Over«trand.     Gunn  Coll.  30G  [1754]. 

Lower   m.    3.     Leith   Adams,    ibid.,   p.    177.     Forest    Bed : 

Bacton.     Gurney  Coll.  19  [1786]. 

Molar  tooth.     Clement  Reid,  **  Geology  of  Cromer"  (1882), 

p.  119.     **  River  Bed  "  :  Mundesley.     Gunn  Coll.  [1971]. 

Molar  tooth   with  glacial    markin^^s.     **Wittou,    nr.    Bacton, 

Norfolk."  H.  B.  Woodward,  Proc.  Geol.  Soc,  Aug.  1893, 
vol.  xlix,  p.  146.  Lower  Boulder-clay  :  Sprowston, 
Norwich.     J.  Reeve,  Esq.  [1950]. 

vide  £.  rneridionalisy  Nesti  [1835]. 

vide  E.  (Loxodon)  priscns,  Goldfuss  [1832]. 

Elephas  giganteus  intermedius,  Gunn  ;  vide  £.  antiquns.  Falc.  [1703]. 

vide  E.  sp.  [1765]. 

^SitphaB  meridioiiduis,  Nesti.  Incisor  tooth.  Leith  Adams,  "Brit 
Foss.  ElephanU  "  (Pal.  Soc,  1881),  pp.  9,  186. 
"Memorials  of  John  Gunn"  (1891),  pp.  50,  70,  79,  pi.  v 
(Probos.),  fig.  2.  Forest  Bed  :  East  Runton.  Sir  T.  ¥. 
Buxton,  Bart.  }^o.  M.  [1789]. 
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le  phas  mei-idionaltM,  Nesti.  Incisor  tooth.  Leith  Adams,  ibid., 
p.  186.  "Memorials  of  John  Ounn"  (1891),  p.  79. 
Dredged  off  Gorton,  Suffolk.     Colman  Coll.  [1871]. 

Incisor    of   young    animal.      Leith    Adams,    ibid.,    p.    198. 

"Memorials  of  John  Gunn  "  (1891),  pp.  49,  78.  pi.  ▼ 
(Probos.),  fig.  1.  Forest  fied  :  Baoton.  Gunn  Coll.  302 
[1790]. 

Lower   jaw.     Falconer,    "Pal.    Memoirs"    (1868),    vol.    ii, 

p.  140.  Leith  Adams,  ibid.,  p.  201.  Forest  Bed  : 
Mundesley  Cliff.     R.  Barclay,  Esq.  [1767]. 

Right  ramus  of  mandible.     Leith  Adams,  ibid.,  p.  201    [368 

errore'].  "Memorials  of  John  Gunn"  (1891),  p.  71. 
Forest  Bed :  Norfolk  coast.     Gunn  Coll.  367  [1732]. 

Right  ramus  of  mandible.    Falconer,  "Pal.  Memoirs  "  (1868), 

vol.  ii,  pp.  132,  140.  Leith  Adams,  ibid.,  p.  199,  pi.  xxii, 
fig.  2.  "Memorials  of  John  Gunn"  (1891),  pp.  70,  71, 
74,  pi.  iv  (Probos.),  fig.  1.  Forest  Bed  :  Bacton.  Gunn 
Coll.  215  [1702]. 

Right  ramus  of  mandible.     Falconer,  "Pal.  Memoirs"  (1868), 

vol.  ii,  p.  132.  Leith  Adams,  ibid.,  p.  201.  "  Memorials 
of  John  Gunn"  (1891),  p.  70.  Forest  Bed:  Bacton. 
Gunn  Coll.  215a  [1694]. 

Left   lower   m.m.  2.      Leith   Adams,  ibid.,  p.  188,  pi.  xxii, 

figs.  3,  3a.  Forest  Bed :  Mundesley.  Gunn  Coll.  214 
[1837]. 

Germ   of  m.uj.    2.      Falconer,    "Fauna  Ant.   Siv."    (1846), 

pi.  xivB,  figs.  1,  la  [No.  11  errore^y  and  "Pal.  Memoirs" 
(1868),  vol.  i,  p.  443;  vol.  ii,  p.  133.  Leith  Adams, 
ibid.,  p.  188.  Forest  Bed :  Norfolk  coast.  S.  Woodward 
Coll.  4  [1784]. 

Lower  m.m.  2.     Leith  Adams,  ibid.,  p.  188.     "Fresh-water 

deposits":  Mundesley.     Fitch  Coll.  [1750]. 

Right  lower  ni.ni.  2.      Falconer,  "Fauna  Ant.  Siv."  (1846), 

pi.  xivB,  figs.  3,  3a,  and  "Pal.  Memoirs"  (1868),  vol.  i, 
p.  444;  vol.  ii,  p.  134.  Leith  Adams,  ibid.,  p.  188. 
Forest  Bed  (?) :  Norfolk  coast.   S.  Woodward  CoU.  6  [1779J. 

Left  lower  m.m.  3.      Falconer,  "Fauna  Ant.  Siv."   (1846), 

pi.  xivB,  figs.  4,  4a,  and  "Pal.  Memoirs"  (1868),  vol.  i, 

p.   444;    vol.  ii,   p.    134.     Leith   Adams,  ibid.,  p.    189. 

Forest  Bed :  Norfolk  coast.  S.  Woodward  Coll.  10 
[1785]. 

Left  upper  ni.  1.  Leith  Adams,  ibid.,  p.  192,  pi.  xxii,  fig.  1. 

Forest  Bed  :  Cromer.     Fitch  Coll.  [1955]. 

Right   and    left   upper   m.    3.     Leith   Adams,  ibid.,  p.   198. 

Forest  Bed  :  Cromer  beach.     Gunn  Coll.  219  [1699]. 

Left    upper    m.    3.     Falconer,    "Fauna   Ant.   Siv."    (1846), 

pi.  xiv  B,  figs.  14,  14a  [No.  10  errore^,  and  "  Pal. 
Memoirs"  (1868),  vol.  i,  p.  447;  vol.  ii,  p.  137,  pi.  viii, 
fig.  4.  Leith  Adams,  ibid.,  p.  195.  Forest  Bed  :  Norfolk. 
coast     S.  Woodward  Coll.  10a  [1755]. 
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Elepkat  meridionalis,  Nesti.  Portion  of  upper  m.  3.  Falconer, 
"Fauna  Ant.  Siv."  (1846),  pi.  xivB,  figs.  16,  15a  [No.  IS 
errore']y  and  "  Pal.  Memoirs  "  (1868),  vol.  i,  p.  447 ;  vol.  ii, 
p.  138.  Leith  Adaius,  ibid.,  p.  195.  Forest  Bed :  HappiH- 
burgh.     Old  Coll.  18a  [1772]. 

Portion  of  upper  m.  3.     Leith  Adams,  ibid.,  p.  198.     Forest 

Bed  :  Norfolk  coast.     Gunn  Coll.  220  [1763]. 
'  Upper   m.  3.     Leith  Adams,  ibid.,  p.  198.     "  Memorials  of 

John  Gunn"  (1891),  pi.  i  (Probos.),  ^g.  H  (prototype  of 

£.  primigenius).     Forest  Bed  (?) :    Norfolk  coast.     Gunn 

Coll.  223  [1696]. 
■  Upper  m.  3.     Leith   Adams,  ibid.,  p.  198.     "  Memorials  of 

John  Gunn"  (1891),  p.  50,  pi.  i  (Probos.),  ^g,  D.     Forest 

Bed :  Bacton.     Gunn  Coll.  330  [1742]. 

Bight  upper  molar.     Falconer,  "Fauna  Ant.   Siv."   (1846), 

pL  xivB,  fig.  16,  and  "Pal.  Memoirs"  (1868),  vol.  i, 
p.  447;  vol.  ii,  pp.  138,  182  (E,  aniiquus).  Leith  Adams> 
ibid.,  p.  39  {E,  antiquus).  Forest  Bed :  Happisburgh. 
S.  Woodward  Coll.  55  [1835]. 
-^—  Left  upper  molar.  Leith  Adams,  ibid.,  p.  189.  Forest  Bed  : 
Bacton.     Gumey  Coll.  9  [1777]. 

Abnormal  left  upper  molar.      "  Memorials  of  John   Gunn  " 

(1891),  p.  69.  Norwich  Crag:  Horstead,  Norwich.  Gunn 
Coll.  334  [1574]. 

Left    lower   m.    1.      Falconer,    "Fauna   Ant.   Siv."    (1846), 

pi.  xivB,  figs.  5,  5a,  and  "Pal.  Memoirs"  (1868),  vol.  i, 
p.  445 ;  vol.  ii,  p.  134.  Leith  Adams,  ibid.,  p.  191.  Forest 
Bed  :  Mundesley.  S.  Woodward  Coll.  8  [1729]. 
Left  lower  m.  1.  Falconer,  "Fauna  Ant.  Siv."  (1846), 
pi.  xivB,  figa.  6,  6a,  and  "Pal.  Memoirs"  (1868),  vol.  i, 
p.  445  ;  vol.  ii,  p.  135.  Leith  Adams,  ibid.,  p.  191.  Forest 
Bed :  Mundesley.     S.  Woodward  Coll.  7  [1723]. 

Left  lower  m.  2.     Leith  Adams,  ibid.,  p.  198.     Forest  Bed  : 

Mundesley.     Gunn  Coll.  311  [1693]. 

Right  lower  m.  2.      Falconer,    "Fauna   Ant.    Siv."    (1846), 

pi.  xiv  B,  figs.  7,  7a,  and  "  Pal.  Memoirs  "  (1868), 
vol.  i,  p.  445 ;  vol.  ii,  p.  135.  Forest  Bed  :  Norfolk  coast. 
S.  Woodward  Coll.  13  [1834]. 

-  m.  2.      Leith  Adams,  ibid.,  p.   193.      Forest  Bed  :    Bacton. 
Gurney  Coll.  22  [1769]. 

Right  lower  m.  3.      Falconer,    "  Fauna   Ant.   Siv."   (1846), 

pi.  xivB,  figs.  18,  18a,  and  "Pal.  Memoirs"  (1868), 
vol.  i,  p.  448 ;  vol.  ii,  p.  130,  pi.  viii,  fig.  1.  Leith  Adams, 
ibid.,  p.  196.  "  Mammaliferous  Crag "  :  Thorpe  Road, 
Norwich.     S.  Woodward  Coll.  [1570]. 

Right  lower  m.  3.     Leith  Adams,  ibid.,  p.  197.     Forest  Bed : 

Bacton.     Gurney  Coll.  21  [1774]. 

{To  b$  continued,) 
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T. — Additional  Notes  on  the  Gahbbian  of  Cape  Bbeton,  with 
Desoriptions  07  New  Species.  By  O.  F.  Matthew,  LL.D., 
F.R.S.C.  (From  Bulletin  of  the  Natural  History  Society  of 
New  Brunswick,  Canaila,  No.  zx,  vol.  iv,  pt.  5.) 

fHHIS  article  deals  with  two  subjects:  (A)  New  Species  of  the 
I  Etcbeminian  or  Basal  Cambrian ;  (B)  llie  Tremadoc  Fauna. 
Under  the  first  the  development  of  the  three  perforate  genera 
Acrothyra,  Acrotreta^  and  Aeroiheh  is  described.  The  two  first 
have  been  found  in  the  lowest  fossiliferous  beds  of  the  Basal 
Cambrian ;  from  which  they  are  traced  upward,  the  first  to 
Proiolenua  fauna  (under  Paradoxides),  the  second  into  the  Ordo- 
vician.  The  first  genus  is  specially  prevalent  in  the  Etoheminian 
or  Basal  Cambrian  beds,  one  species  bein^  found  in  the  Lower  and 
another  in  the  Upper  Etcheminian  beds. 

A  point  worked  out  in  this  article  is  the  change  in  size  and  form 
of  Acrotreta  ah  time  went  on.  The  first  species  known  were  aboat 
twice  as  wide  aH  high,  but  towards  the  close  of  the  lifetime  of  the 
genus  the  height  and  width  were  about  equal,  though  in  two  species 
the  height  exceeded  the  width. 

Acroihele  waH  not  found  in  the  Lower  Etcheminian,  but  comes  in 
with  the  Upper  Etclienunian  fauna.  Various  species  are  quoted, 
ranging  from  this  fauna  to  the  top  of  the  Cambrian. 

There  are  described  in  this  paper,  of  Acroihyra  one  new  species 
and  six  mutations  ;  of  Acrotreta^  one  new  species  and  two  mutations ; 
of  Acroihele^  two  new  species  and  one  mutation. 

The  second  part  of  the  paper  relates  to  species  of  Gasteropods  and 
Trilobites  recognized  as  representatives  of  the  Tremadoc  Fauna. 
Asaphellus  Homfrayi  is  cited,  also  a  new  species.  A,  (?)  planus. 
Species  of  Triarthrus,  Faraholinella,  and  Bellerophon  were  found, 
also  Lingulella  and  Acrotreta, 

Six  plates  of  figures  are  given  to  show  the  forms  and  characters 
of  new  species  described. 

IL — On  tub  Relation  of  the  Silurian  and  Ordovician  Rooks 
OF  North- West  Ireland  to  tuk  Great  Metahorphio  Series. 
By  J  AS.  R.  KiLROE  and  Alex.  MoHbnry.* 

UPPER  Silurian  rocks,  as  high  as  Wenlock,  have  been  meta- 
morphosed along  the  Croagh  Patrick  range,  which  led  to  their 
inclusion  in  the  great  metamorphic  group  when  the  ground  was 
originally  mapped.  The  corresponding  rocks  of  Wenlook  age  on 
the  south  margin  of  the  IMayo  and  Galway  Silurian  basin,  near 
Killary  Harbour,  are  not  metamorphosed,  and  rfest  unconfonnably 
upon  the  metamorphic  group. 

This  stratigrapbical  break  has  for  many  years  been  supposed  to 
form    an    insuperable    objection   to   the   acceptance  of  Murchison's 

'  Refiil  hefora  the  British  As^ociution,  Se<tioTi  C  (Geology),  Glasgow,  Sept.,  1901. 
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ooDJecture  that  the  metaniorphio  rooks  of  Galway,  Mayo,  eto.,  are 
altered  representatives  of  the  Lower  Silurian  or  Ordovioian  rooks. 
This,  however,  is  not  an  obstacle,  for  a  break,  aooompanied  bj 
overfolding  and  possibly  metainorplusm  of  Lower  Silurian  strata, 
has  been  proved  to  have  occurred  in  Llandovery  times,  which 
admitted  of  Wenlock  or  possibly  Tarannon  beds  being  unconformable 
to  nnmetamorphosed  Lower  Silurian  as  well  as  to  the  metamorphio 
group.  All  this  happened  prior  to  a  second  violent  disturbance 
aod  overfolding  which  accompanied  the  metamorphisin  of  Wenlock 
■trata  already  mentioned,  and  which  occurred  in  liudlow  times. 

A  comparison  of  the  Lower  Silurian  series  in  the  west  of  Ireland 
with  the  metaraorphic  group  of  the  same  region  and  Donegal,  shows 
so  strong  a  resemblance  between  them — as  regards  the  lithologioal 
characters  of  individual  members  in  their  original  form,  their 
order  of  succession,  and  certain  peculiar  coincidences  of  associated 
sedimentary  components,  described  in  detail  in  the  paper — that  it 
forms  a  creditable  primd  facie  argument  for  their  correlation. 

One  instance  may  here  be  mentioned.  At  Westport  and  Achill 
Beg  thick  bands  of  fine  conglomerate,  associated  with  black  slate, 
ocoar  as  an  integral  part  of  the  metamorphio  group,  while  on  the 
south  shore  of  Clew  Bay  thick  bands  of  fine  conglomerate — very 
similar  in  character  to  those  in  Achill  Beg — occur  in  association 
with  bl&ck  slate,  which,  though  sufficiently  crushed  to  justify  their 
inclusion  by  the  original  surveyors  in  the  metamorphio  ground,  are 
now  known  to  be  of  Lower  Silurian  age,  iilentical  with  rocks  of 
this  age  in  Clare  Island. 

The  chief  objection  to  ascribing  the  metamorphio  rocks  of  Mayo  and 
Qalway  to  the  Lower  Silurian  age  has  been  the  present  difference 
of  condition  between  them  and  the  fossil-bearing  Lower  Silurian 
rocks  of  the  adjoining  area.  This  difference  seems  to  us  explioable 
by  conceiving  that  the  great  dislocation  which  occurred  in  Llandovery 
times,  and  occasioned  an  inversion  of  strata  by  overfolding  at  Snlrock 
between  the  Killaries,  carried  nnmetamorphosed  Lower  Silurian 
rocks  about  Leenane  against  and  over  rocks  of,  say,  the  same  age, 
near  Leenane,  which  had  undergone  metamorphisin  in  connection 
with  granitic  intrusions.  These  may  be  seen  in  the  vicinity  of 
Eylemore.  Unfortunately  the  great  zone  of  broak  is  now  concealed 
by  newer  strata,  and  further  is  obscured  and  complicated  by  post- 
Ladlow  faults. 

m. — Thb  Olossoptbris  Flora  of  Australia.     By  E.  A.  N.  Arbkr, 

B.A.,  Trinity  College,  Cambridge.* 

rPHE  Glossopteris  flora  is  one  of  the  most  remarkable  and  widely 
JL  distributed  of  fossil  floras.  Typical  members,  such  as  the  fern- 
like  plants  Glossopteris  and  Gangamopleris^  with  the  Equisetalean 
genus  Phylloiheca,  occur  in  rocks  of  Permo-Carboniferous  age  in 
India,  Australia,  South  Africa,  and  South  America,  pointing  to  the 

'  Bead  before  the  British  Associatioii,  Section  C  (Oeolosry),  Ola««^ow,  8eipl.,  V^^\. 
^aUoGBOL.  Mao.,  Dec.,  1901,  p.  573. 
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former  existence  of  a  southern  continent  whose  flora  was  for  the 
most  part  distinct  from  that  of  the  same  age  in  Europe  and  North 
America. 

In  the  Newcastle  heds  of  New  South  Wales  all  the  typical 
luemhers  of  the  flora  occur  without  any  admixture  of  northern 
types  (e.g.  Lepidodendron  and  Sigillaria)^  as  has  been  recorded 
from  similar  beds  in  South  Africa  and  South  America.  The  flora 
of  the  Newcastle  rocks  is  interesting  botanically  both  on  account 
of  the  wide  distribution  of  the  chief  members,  which  show  points  of 
identity  and  unity  in  type  with  those  of  the  Lower  Gondwana  of 
India  and  the  Permian  of  Russia,  and  also  from  the  morphological 
characters  presented  by  many  of  the  plants  themselves.  The 
collection  which  forms  the  subject  of  these  remarks  is  in  the 
Geological  Museum,  Cambridge,  and  is  noteworthy  as  being  one  of 
the  earliest  (1839-44)  formed  of  fossil  plants  from  the  continent 
of  Australia. 


I. — History  of  Geology  and  Palbontology  to  the  End  of  the 
Nineteenth  Century.  By  Professor  Earl  Alfred  von  Zirm., 
Translated  by  Maria  M.  Ogilvie-Gordon,  D.Sc.,  Ph.D.  8vo ; 
pp.  13,  662.     (London  :  Walter  Scott,  1901.     Price  6$.) 

rpHOSE  who  are  not  familiar  with  the  German  language  will  be 
L  grateful  to  Mrs.  Ogilvie-Gordon  for  this  translation  of  von 
Zittel's  comprehensive  and  most  interesting  History  of  Geology, 
which  was  published  two  years  ago.  In  the  present  work  the  text 
of  the  original  has  been  curtailed  by  the  omission  of  a  chapter  on 
Topographical  Geology,  and  in  a  few  places  the  subject-matter  has 
been  amplified — the  changes  being  made  with  the  author's  approval. 
Geology  is  rightly  regarded  as  a  modern  science,  for  prior  to 
the  days  of  Hutton  and  William  Smith  there  were  no  established 
principles  for  the  interpretation  of  the  facts.  Nevertheless,  we 
know  that  from  the  earliest  days  of  which  records  are  preserved, 
curiosity  and  interest  were  manifested  in  the  rocks  and  stones  that 
form  the  solid  earth  ;  and,  while  there  were  many  shrewd  gaesses 
about  former  extensions  of  the  sea  and  other  physical  changes,  the 
observations  were  disconnected  and  the  hypotheses  for  the  most 
part  were  fanciful.  Aristotle  and  Seneca  in  the  earlier  times; 
JLeonardo  da  Vinci,  George  Bauer  (Agricola),  and  Conrad  Gesner 
prior  to  the  seventeenth  century,  are  among  those  whose  views 
o<mimand  most  respect  and  admiration  :  but  every  philosopher  who 
ilealt  with  the  origin  or  history  of  the  earth  appears  to  be  mentioned 
1»y  von  Zittel.  If  we  marvel  at  the  erudition  which  has  enabled 
the  author  to  deal  with  these  old  writers  and  to  point  out  so  clearly 
the  chief  part  which  each  has  taken  in  the  advancement  of  sound 
knowledge,  we  marvel  still  more  when  we  come  to  later  times  with 
its  multitude  of  workers  and  of  books  and  papers,  and  find  the  same 
exhaustive  treatment  of  the  subject,  with  references  necessarily  briefi 
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bat  jet  clear,  instructive,  and  impartial  While  we  may  agree  with 
the  author  that  "  With  specialisation  in  geology  and  palaaontology, 
the  spring-time  of  the  science  was  over,"  we  must  diflfer  from  him 
when  he  says,  "  The  period  was  past  when  a  man  could  mentally 
suirey  the  whole  field,''  for  this  is  what  he  has  done. 

In  his  introduction  the  author  deals  with  the  First  Period,  or 
geological  knowledge  in  the  ages  of  antiquity ;  with  the  Second 
Period,  or  beginnings  of  paladontology  and  geology  ;  with  the  Third 
Period,  or  heroic  age  of  geology,  1790-1820  ;  and  more  briefly 
with  the  Fourth  Period,  or  modern  geology.  In  the  following  six 
chapters  the  progress  in  various  branches  of  geology  is  discussed, 
and  there  the  labours  of  the  heroes  and  all  later  workers  are  as  fully 
acknowledged  as  possible.  It  is  not  a  work,  however,  of  which 
a  summary  can  be  given.  It  is  itself  a  summary.  Works  of  all 
kinds  that  have  aided  the  progress  of  science  are  dealt  with.  Thus 
u  considerable  space  is  rightly  given  to  Lyell's  works  and  to  the 
history  of  them,  and  reference  is  made  to  De  la  Beche's  Geological 
Observer,  **  which  is  full  of  new  observations  and  facts."  In  this 
oonnection  we  miss  only  the  name  of  John  Morris,  whose  Catalogue 
of  British  Fossils  was  surely  worthy  of  mention. 

In  the  references,  however  brief,  there  is  generally  some  useful 
criticism  or  information ;  thus  we  read  :  *'  Following  Riitimeyer's 
method,  W.  Morris  Davis  depicted  the  different  stages  in  the 
tlevelopment  of  a  valley  '* ;  or  again,  **  After  Suess  and  Hyatt  had 
opened  the  gates  for  the  creation  of  new  generic  names,  the 
palseontological  literature  of  the  Cephalopoda  was  inundated  by 
innumerable  new  genera  and  species,  most  of  them  only  narrowly 
defined." 

A  work  so  full  of  information,  historical,  geological,  and  even 
biographical,  is  unquestionably  one  which  should  be  kept  for 
reference  by  every  geological  worker.  The  translator  has  given 
thirteen  portraits,  including  the  author,  von  Buch,  Cuvier,  Murchison, 
Lyell,  Owen,  von  Richthofen,  Agassiz,  and  Suess;  and  we  may 
heartily  congratulate  her  on  the  production  of  a  volume  which, 
while  it  adds  to  the  interest  of  geology,  cannot  fail  to  assist  in  the 
advancement  of  the  science.  H.  B.  W. 


II. — Thb  Fobaminifera  :  an  Introduction  to  the  Study  of 
THE  Pbotozoa.  By  Fbederiok  Chapman,  A.L.S.,  F.R.M.S., 
Palsdontologist  to  the  National  Museum,  Melbourne.  4to 
<28  X  18  cm.) ;  pp.  xvi,  354,  with  16  Plates  and  42  Figures. 
(London  :  Longmans  6s  Co.,  Feb.  1902.     Price  98.  nett.) 

rANKS  to  Frederick  Chapman,  who  has  devoted  so  many  years 
to  the  study  of  fossil  and  recent  Foraminifera,  and  the  rocks 
largely  built  up  of  them,  we  have  now  a  volume  dealing  with  the 
general  subject.  Of  its  usefulness  there  can  be  no  possible  doubt, 
for  up  to  the  present  one  has  had  to  search  for  a  special  point 
through  very  nearly  4,000  tracts  and  separate  publications.  In 
^Us  volume  Mr.  Chapman  has  digested  all  these  various  works  mtio 
'^^ble  and  accessible  form,  and  rearranged  the  pr\no\pa\  \t^m% 
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of  Sberborn  and  Tutkowski's  Bibliographies  under  subjeots,  e.g.^ 
biology,  shell  morphology,  classifications,  technical,  genera  or  special 
groups,  special  geological  faunas,  and  recent  faunas. 

Starting  with  introductory  remarks  on  the  nature  and  ocourrenoe- 
of  Foraminifera,  their  importance  to  the  zoologist  and  geologist, 
structure,  classification,  and  position  of  the  group,  he  next  deals 
with  the  shell-structure,  reproduction,  and  plan  of  growth,  giTe* 
a  general  sketch  of  the  ideas  of  the  early  authors,  and  then  devotes 
a  chapter  to  each  family.  The  various  genera  are  defined,  and 
a  specific  example  is  quoted  and  figured  in  outline ;  the  geologioal 
range  of  the  genus  is  given,  and  some  general  remarks  accompany 
the  species.  It  would  have  been  useful  if  Mr.  Chapman  had  always 
noted  the  original  type-species  of  the  genus,  as  well  as  what  in  hia 
opinion  is  the  typical  form.  But  nowadays,  there  are  many  who 
regard  an  original  ty])e  as  of  mere  archsBological  interest,  and  those 
curious  on  either  side  can  easily  find  out  for  themselves. 

Following  on  with  tlie  geolopjical  range  of  the  Foraminifera,  we 
find  an  interesting  sketch  of  this  part  of  the  subject,  in  which 
Mr.  Chapman  dismisses  the  useful  Eozoon,  the  supposed  organic  origin 
of  which  gave  rise  to  so  much  valuable  research  in  microscopy, 
and  casts  well-founded  doubts  on  the  supposed  pre-Cambrian  bodies 
described  as  Foraminifera  by  Cayeuz.  Coming  to  Cambrian  times. 
Chapman  recalls  many  finds  in  beds  of  this  age,  both  at  home  and 
abroad,  and  from  that  period  onwards  the  Foraminifera  have  been 
rock-builders  on  a  large,  sometimes  a  gigantic  scale.  One  need 
only  instance  the  Saccammina  and  h'usulina  Limestones  of  Car- 
boniferous times,  and  the  Numniulitic,  Orbitoidal,  and  Alveolina 
Limestones  of  the  Tertiary  period. 

Chapter  xviii  deals  with  the  **  geographical  distribution,  with 
remarks  on  the  accompanying  conditions  of  temperature,  depth, 
and  general  environment/'  in  which  the  various  oceanic  deposits 
are  discussed.  And  chapter  xix  treats  of  the  **  collection,  examina- 
tion, and  mounting  of  Foraminifera."  The  bibliography  of  subjects, 
concluding  the  volume,  we  have  already  alluded  to. 

The  book  is  illustrated  by  fifteen  plates,  fourteen  of  which  contain 
outline  sketches  of  the  typical  forms  of  the  various  genera,  and  the 
odd  one  is  a  view  of  Dog's  Bay,  Galway,  from  one  of  Mr.  Welch's 
well-known  photographs.  The  outline  sketches  are,  on  the  whole, 
sufficient  for  the  purpose  required,  most  of  them  being  exceedingly 
characteristic.  Forty-two  other  illustrations  are  given  in  the  text, 
many  of  them  being  original ;  these  include  rock-sections,  structures, 
apparatus,  etc.,  and  considerably  enhance  the  value  of  the  book. 
The  author's  style  is  clear  and  concise,  and  the  descriptions  of  the 
genera  give  in  as  few  words  as  possible  just  what  is  wanted.  ITie 
book  will  find  ready  acceptance  from  a  large  body  of  students,  and 
Mr.  Chapman  may  be  congratulated  on  opening  his  colonial  career 
so  auspiciously.  The  dedication  to  Professor  Hupert  Jones  is  par 
ticularly  happy,  and  there  is  a  pleasing  reference  to  Professor  Judd. 
whose  laboratory  afforded  the  author  rich  opportunities  for  work  on 
this  group  of  animals  for  many  years.  C.  D.  S. 
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IIL — Igneous  Complex  of  Magnet  Cove,  Arkansas.    By  Hbnrt  S. 
Washington.   Ball.  Geol.  Soc.  Amer.,  vol.  xi,  pp.  889-416 ;  1900. 

The  Fotaite-Ijolitb  Skbies  of  Magnet  Cove  :  A  Chemical 
Study  in  Differentiation.  By  Henrt  S.  Washington. 
Joum.  Geol.,  vol.  ix,  pp.  607-622,  645-670 ;    1901. 

rB  great  variety  of  igneous  rooks,  particularly  of  types  rioh  in 
alkalies,  developed  at  numerous  centres  in  the  eastern  half  of 
the  North  American  continent,  promise  to  yield  many  results  of 
more  than  local  interest  to  the  petrologist,  and  Dr.  Washington  has 
now  been  engaged  for  some  years  in  the  study  of  certain  important 
districts.  From  Essex  County,  Massachusetts,  he  has  passed  to 
the  no  less  interesting  area  of  Magnet  Cove,  Arkansas,  originally 
described  by  the  late  J.  F.  Williams  ;  and  the  results  of  his  work 
are  embodied  in  the  two  papers  cited  above.  They  include,  firstly, 
an  attempt  to  decipher  the  form  and  geological  relations  of  the 
intrusive  bodies,  a  matter  of  some  difficulty  owing  to  the  poorness 
of  the  exposures ;  secondly,  a  re-examination  of  the  rocks  themselves, 
including  a  number  of  new  chemical  analyses,  with  calculations 
of  the  percentage  mineral  compositions  and  comparison  with  known 
types  from  other  districts ;  and,  finally,  a  chemical  study  of  the 
principal  rock-types  as  a  natural  group,  with  reference  to  their 
common  origin  by  magmatic  differentiation. 

The  outcrops  of  the  chief  igneous  rocks  of  the  Cove  occupy  an 
elliptic  area,  and  divide,  as  shown  on  Williams'  map,  into  an  inner 
ellipse,  composed  of  the  most   basic   rocks,  and  an  outer   elliptic 
ring,  consisting  of  rocks   on  the  whole   less  basic  and  soparated 
from  the  former  by  a  ring  of  metamorphosed  sediments.     Williams 
believed  the  outer  ring  of  igneous  rocks  to  be  of  distinct  origin  from 
the  inner  body  and  of  decidedly  posterior  intrusion,  but  Washington 
considers  the  whole  to  form  a  single  group  with  intimate  genetic 
relationship.      The   latter  author,    indeed,    makes    the   outer    ring 
continuous  underground  with  the  inner  mass,  the  intervening  meta- 
morphosed sediments  resting  on  the  igneous  rocks  and  representing 
the  relics  of  what  was  once  the  cover  of  a  single  laccolitic  intrusion. 
The  argument  here  is  scarcely  convincing  :    although   the   meta- 
morphosed rocks  form  a  broken  ridge,  the  area  is  not  one  of  high 
relief,  and  it  is  noteworthy  that  none  of  the  igneous  rocks  belonging 
to  the  outer  ring  are  found,  even  as  outliers,  in  the  inner  part  of  the 
Cove.     Disregarding  the   metamorphosed   rocks  of  the   ridge,  the 
various  types  met  with  are  arranged  roughly  in  concentric  zones  of 
decreasing  basicity  from  centre  to  margin.     Assuming  the  centre  of 
the    exposed    surface    to    represent    the   centre   of    the  laccolite, 
Washington  points  out  that  this  disposition  of  the  various  rocks  is 
the  reverse   of  that  described  in  some  other  igneous  complexes, 
where   the   most  basic   type   occupies   the   outermost    ring.     This 
eyidently  depends  upon  the  interpretation  adopted  of  the  general 
stnicture  of  the  mass,  and  an  alternative  reading  of  the  observations 
^068  not   seem   to  be  excluded.      The  arrangement  is  apparently 
*^t  of  a  dome.      If  we  suppose  the  igneous  rooks  to  \\a\^  \i^«w 

DECADE    IV. — VOL.  IX. — NO.   IV,  \'i 


178       RetiewB — Dr.  Washington — Igneous  Rocks,  Arkanmu. 

themselves  affeoted  in  some  measure  by  the  central  uplift,  we  may 
perhaps  plausibly  picture  the  whole  as  consisting  of  two  thin 
laccolites  bent  into  a  gentle  dome  and  exposed  by  erosion  which,  in 
the  centre  of  the  area,  has  almost  penetrated  to  the  underlying 
sedimentaries.  In  this  view  the  central  exposure  of  rock  would 
represent,  not  the  centre,  but  the  base  of  the  lower  laccolite ;  and 
the  successive  rings  would  represent,  not  inner  and  outer  zones,  but 
lower  and  higher  strata. 

Washington's  petrographical  investigation  is  of  great  value  as 
defining  with  precision  the  several  rock-types  recognized  by 
Williams.  The  outermost  member  of  the  complex  is  a  foyaiU, 
consisting  of  orthoclase  (51*8  per  cent.),  nepheline  (20*3),  cancrinite, 
pyroxenes,  etc.  Next  comes  the  rock  for  which  the  term  cooiie  is 
adopted :  it  has  points  of  resemblance  with  the  shonkinites  of 
Montana,  and  may  indeed  be  regarded  as  a  nepheline-shonkinite. 
Here  felspars  (orthoclase  and  albite)  still  make  up  more  than  half 
of  the  mass ;  nepheline  is  reduced  to  9  per  cent.,  and  the  principal 
ferro-magnesian  element  is  hornblende.  In  the  third  place  oomes 
the  very  interesting  rock  in  which  Williams  described  the  now 
well-known  pseudomorphs  after  leucite.  This  mineral  is  calculated 
to  have  made  up  86*9  per  cent,  of  the  rock,  nepheline  being  25*5, 
orthoclase  only  3*9,  and  the  rest  melanite  and  pyroxenes.  This 
rock,  which  Washington  names  arMte,  is,  as  Mr.  Teall  ^  has  pointed 
out,  almost  identical  with  the  borolanite  of  Sutherland,  although  the 
Arkansas  type  must  have  been  richer  in  nepheline. 

The  three  rocks  enumerated,  which  make  up  the  outer  ring,  are 
leucocratio  (tho  white  minerals  predominating).  The  types  met 
with  in  the  inner  part  of  the  Cove  are  melanocratic  (with  pre- 
ponderant dark  minerals),  and  here  felspar  almost  wholly  disappears 
in  favour  of  nepheline.  The  ijoUte  contains  38*7  per  cent,  of  that 
mineral,  a  smaller  proportion  than  in  the  typical  ijolite  of  Finland  : 
of  the  rest,  pyroxenes  make  42*8  per  cent,  and  melanite  15*3.  Another 
distinct  type  is  recognized  under  the  name  biotite-ijolite.  This 
carries  nepheline  24*1  per  cent,  and  orthoclase  4*8,  the  rest  being 
diopside,  melanite,  and  other  dark  minerals.  Finally,  there  is 
a  jacupirangite  identical  with  the  type-rock  from  Brazil ;  this  has 
only  4  per  cent,  of  nepheline,  the  remainder  being  chiefly  pyroxene. 
This  rock  is  not  found  (may  possibly  be  concealed)  in  the  centre 
of  the  area,  where  it  should  be  expected,  but  is  described  from  an 
outlyinpj  locality.  The  centre,  however,  is  occupied  by  a  mass 
essentially  of  magnetite,  which  produces  great  disturbance  of  the 
compass  in  its  neighbourhood.  The  niineralogical,  no  less  than 
the  chemical,  composition  of  the  rocks  indicates  a  very  close  con- 
sanguinity for  the  whole  assemblage;  but  one  may  remark  certain 
(lift'erences,  especially  in  the  ferro-raagnesian  silicates  of  the  several 
types,  which  militate  to  some  extent  against  the  hypothesis  of  their 
origin  by  diffentiation  tii  situ. 

In  his  general  discussion  of  the  mutual  relationships  of  all  these 
associated  rocks  the  author  is  necessarily  upon  less  firm  ground ; 

'  Gbol.  Mao.,  1000,  p.  389. 
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but  he  offers  some  suggestive  considerations,  and  presents  them  with 
considerable  originality  of  method.  In  setting  forth  the  variations 
in  chemical  composition  in  the  series  he  makes  use  of  the  graphical 
method,  which,  though  it  cannot  of  course  lead  to  any  result  not 
contained  in  the  columns  of  figures,  will  often  brin^  out  points 
which  might  otherwise  escape  notice.  The  abscissas  in  his  diagrams 
represent  the  radial  distance  of  the  several  rocks  from  the  centre 
or  '  epicentre '  of  the  complex,  and  it  is  considered  that  this  expresses 
best  the  essential  relations.  The  a  priori  objection  to  taking  the 
silica  for  the  abscissaa  seems,  however,  to  be  without  much  force. 
As  in  many  other  cases,  the  order  of  increasing  silica-percentage 
is  manifestly  the  natural  order  in  which  to  consider  the  several 
rocks  (in  this  case  corresponding  with  their  disposition  in  spstce) ; 
if  we  arrange  them  in  order  of  their  content  (say)  of  potash  or 
soda,  the  whole  is  thrown  into  confusion.  This,  even  apart  from 
other  considerations,  places  silica  on  a  different  footing  from  the 
other  oxides.  The  choice  of  independent  variable'  cannot  affect 
any  very  essential  relations  of  the  series.  If,  for  instance,  the 
silica  and  other  oxides  were  all  linear  functions  of  some  arbitrary 
variable,  the  other  oxides  would  necessarily  be  linear  functions 
of  the  silica.  Washington's  method,  however,  adapts  itself  well 
to  the  special  case  of  differentiation  in  place  with  symmetrical 
arrangement. 

It  is  to  differentiation  in  place  of  a  presumably  homogeneons 
magma  that  the  author  ascribes  this  complex,  notwithstanding  the 
fact  that  the  several  rock-types  are  sharply  separated  from  each 
other  with  little  or  no  indication  of  transition.  Taking  into  account 
the  volume  of  each  rock  in  the  complex,  he  calculates  the  composition 
of  the  hypothetical  initial  magma,  and  finds  that  it  does  not  agree 
at  all  closely  with  any  member  of  the  series.  This  result  connects 
itself  with  the  fact  that  the  lines  in  the  diagram  of  variation  are  not 
straight,  or,  in  other  words,  the  series  is  not  a  *  linear  *  one.  Leaving 
out  of  account  one  rock,  the  covite,  the  lines  are  all  smooth  curves. 
The  silica-line  is  inflected,  being  nearly  horizontal  in  the  middle 
part  of  the  dias^ram,  but  descending  gently  towards  the  basic  end 
and  ascending  rather  steeply  towards  the  acid  end.  The  curves  for 
alumina  and  the  alkalies  ascend  gently  and  steadily,  being  only 
slightly  curved.  The  curves  for  iron,  magnesia,  and  lime,  on  the 
other  hand,  descend,  and  are  decidedly  convex  upward.  Covite 
does  not  fit  into  this  comparatively  simple  scheme  of  variation, 
and  the  author  regards  it  as  probably  originating  by  a  secondary 
differentitaion,  most  likely  from  the  foyaite  magma.  He  attempts, 
indeed,  to  discover  the  complementary  (more  leucocratic)  product, 
which  may  be  represented  by  a  variety  of  the  foyaite.  This  latter 
rock,  like  the  jacupirangite,  has  not  been  found  in  the  place  required 
by  theory,  and  these  irregularities,  together  with  the  generally  sharp 
delimitation  of  the  several  concentric  zones  and  certain  points  in  the 
mineralogical  constitution  of  the  rocks,  suggest  to  a  critic  that  the 
differentiation  may  have  been  effected,  at  least  in  the  main,  prior 
to    intrusion.     In   whichever   way   this    minor    questiou    mwj  \i^ 
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ultimately  decided,  the  intimate  genetic  relationship  connecting 
the  several  members  of  the  series  cannot  be  doubted,  and  this 
foyaite-ijolite  complex  affords  one  more  illastration  of  a  number 
of  very  different  rock-types  derived  from  a  common  source  and 
disposed  in  a  regular  order.  A.  H. 

lY. — JdiiMoiBE  SUB  l'Histoibb  G£olooique  du  Obaphitb.  By 
Professor  £.  Weinschbnck.  Compte  Rendu  VIII  Congr& 
Geol.  Intemat.  Paris  (1901). 

GBA.PHITE,  graphitite,  and  graphitoid  are  varietal  names  for 
one  mineral,  graphite,  based  on  subordinate  characters  such  as 
lustre,  fracture,  and  compactness.  The  principal  known  occurrences 
of  graphite  are  reviewed.  In  Ceylon  the  graphite  occurs  in  veins 
traversing  the  (intrusive)  granulites,  which  show  contact  alteration 
in  a  very  narrow  zone  immediately  next  to  the  veins.  In  this  sone 
the  felspars  are  altered  to  kaolin  and  nontronite  (a  hydrous  ferric 
silicate),  and  flakes  of  graphite,  needles  of  rutile,  and  individuals 
of  sphene  appear.  At  Passau  in  Bavaria  the  graphite  occurs  in 
lenticular  masses  and  nests  in  gneissic  rock  of  somewhat  shattered 
character;  but  this  rock  is  only  charged  with  graphite  when  in 
contact  with  a  neighbouring  granite  massif.  The  felspars  are 
altered  to  kaolin  and  nontronite,  and  the  graphite  is  accompanied 
by  rutile.  It  is  not  a  primary  constituent  of  the  gneiss,  the  flakes 
occurring  always  in  the  fissures  and  joints  of  the  rock,  which  have, 
of  course,  originated  since  its  crystallization. 

The  graphite  of  the  Bohmerwald  occurs  in  an  essentially  similar 
way,  portions  of  gneiss  rich  in  graphite  having,  however,  a  rather 
more  stratified  character,  related  to  that  of  the  beds  of  limestone 
present  in  the  gneiss.  The  graphitic  rocks  are  profoundly  altered 
as  at  Passau,  but  are  not  clearly  associated  with  a  large  mass  of 
granite,  although  there  are  small  bosses  and  dykes  of  granitic  rock 
following  the  direction  of  the  graphitic  bands. 

The  occurrences  of  graphite  in  Cumberland  and  at  Batongol  in 
Siberia  are  referred  to;  the  former  occurs  in  association  with  an 
eruptive  '  greenstone  porphyry,'  the  latter  in  connection  witli 
a  nepheline  syenite.  These  two  sources  of  graphite  are  no  longer 
worked. 

The  alteration  and  impregnation  products  of  the  graphitic  rocks 
are  thus  similar  in  Passau,  Bohemia,  and  Ceylon.  In  Bohemia  and 
Passau  manganese  peroxide  is  also  abundant.  So  that  the  chemical 
processes  must  have  been  the  same  or  similar  in  each  case. 

We  might  at  first  suppose  that  the  hot  magma  in  its  ascent  had 
distilled  and  volatilized  large  masses  of  organic  matter,  producing 
crystallized  graphite.  This  would  have  liberated  hydrogen  and 
other  reducing  agents ;  instead  we  actually  find  that  highly  oxidized 
minerals  accompany  the  graphite.  More  likely  the  penetration  of 
carbon-bearing  emanations  or  solutions  is  one  of  those  post-volcanic 
phenomena  which  may  follow  the  intrusion  of  igneous  rocks.  The 
metal -carbony Is  —  not  yet  met  with  in  nature,  however  —  easily 
decompose  to  metallic  oxides  and  graphite  with  loss  of  C  O3.   Professor 
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WeioBchenck  thinks  that  a  reaction  of  this  kind  would  explain  all 
the  peculiar  characters  of  the  graphite  occurrences  ;  the  great 
alteration  of  the  rocks  is  due  to  the  quantity  of  C  0,  liberated,  and 
the  abundance  of  peroxides  of  heavy  metals  replacing  silicates 
oiiginallj  poor  in  them  is  also  explained. 

The  common  association  of  rutiie  with  graphite  may  indicate  the 
presence  of  cyanogen,  which  readily  forms  with  titanium  volatile 
combinations;  the  existence  of  nitrogen  in  the  Ceylon  graphite 
perhaps  points  in  the  same  direction. 

Passing  to  the  Alpine  localities  (Styrian  and  Cottian  Alps),  we 
find  that  graphite  occurs  in  beds  of  Carboniferous  age  where  it  is 
certainly  of  organic  origin.  It  is  usual  to  regard  any  metamorphio 
action  in  the  Alpine  regions — such  as  here  the  alteration  of  coal 
to  graphite^as  the  result  of  dynamo-metamorphism.  But  the 
vegetable  remains  in  the  Styrian  shales  are  not  deformed,  nor  do 
the  quartzites  in  the  Cottian  Alps  show  traces  of  crushing  or 
breociation.  It  is  to  a  foliated  gneiss  (a  foliated  variety  of  the 
Central  Alpine  granites)  associated  with  the  altered  Carboniferous 
beds  that  we  mast  attribute  the  modifications  met  with  in  the 
Carboniferous  sediments,  by  which  the  shales  have  been  changed 
to  chloritoid  phyllites,  the  sandstones  to  quartzites,  the  coal  to 
graphite. 

So  that  when  we  review  the  chief  localities  for  graphite  we  are 
struck  with  the  fact  that  there  is  never  a  gradual  passage  from 
ooal  to  graphite  on  the  lines  of  regional  metamorphisra,  but  that 
when  graphite  is  formed  from  coal  it  is  a  contact  mineral.  Graphite 
is  not  the  final  term  of  a  series  of  carbonaceous  rocks  beginning 
with  lignite  and  ending  with  anthracite. 

Professor  Weinschenck's  researches  show  that  the  origin  of 
graphite  is  different  in  different  cases.  It  is  clear,  however,  that 
in  none  of  the  above  localities — and  they  are  the  most  important 
known — is  the  graphite  to  be  regarded  as  the  representative  of  an 
ancient  coal,  older  than  any  rocks  containing  determinable  fossils. 
On  the  contrary,  graphite  is  usually  an  igneous  emanation-product; 
when  of  organic  origin  it  occurs  as  a  contact  mineral  in  rocks  much 
younger  than  the  oldest  fossil iferous  strata.  So  that  the  presence 
of  graphite  in  ancient  rocks  does  not  push  back  the  origin  of  life 
beyond  the  point  at  which  we  meet  with  the  oldest  authentic  fossils. 

A.  K.  C. 
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I—February    21st,    1902.— J.   J.   H.   Teall,   Esq.,    M.A.,   F.R.S., 

President,  in  the  Chair. 

Annual    General   Meeting. 

The  reports  of  the  Council  and  of  the  Library  and  Museum 
^mmittee  for  the  year  1901,  proofs  of  which  had  been  "px^Vvow^'j 
distributed  to  the  YeUows,  were  read.     In  the  first  plae©  a  t^^^x^xwa^ 
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was  made  to  the  Address  presented  to  His  Majesty  the  King  on  the 
oooasion  of  the  death  of  Queen  Yiotoria.  After  premising  that  the 
financial  prosperity  of  the  Society  was  again  a  matter  for  oongrato- 
lation,  the  Council  stated  that  the  number  of  Fellows  had  nndeigone 
scarcely  any  change  during  1901.  The  number  elected  was  52 
(7  less  than  in  1900),  of  whom  34  qualified  before  the  end  of  the 
year,  making,  with  17  previously  elected  Fellows,  a  total  accession 
of  51  in  the  course  of  the  twelve  months  under  review.  During  the 
same  period,  the  losses  by  death,  resignation,  and  removal  amounted 
to  55,  the  actual  decrease  in  the  number  of  Fellows  being  therefore 
4  (as  compared  with  a  decrease  of  10  in  1900). 

The  total  number  of  Fellows,  Foreign  Members,  and  Foreign 
Correspondents,  which  on  December  Slst,  1900,  was  1,334,  had 
decreased  to  1,329  by  the  end  of  1901. 

The  balance-sheet  for  the  year  1901  showed  receipts  to  the 
amount  of  £3,503  178.  M,  (including  a  balance  of  £388  148.  lOti. 
brought  forward  from  the  previous  year),  and  an  expenditure  of 
£3,100  58.  6d,  The  chief  item  of  non-recurring  expenditure  was 
the  sum  of  £508  lla.  11(2.,  being  the  cost  of  the  redecoration  of  tlie 
Society's  apartments.  The  balance  remaining  available  for  the 
current  year  was  £403  128.  3c2. 

The  Council  announced  the  completion  of  vol.  Ivii  and  the  coiii- 
meucement  of  vol.  Iviii  of  the  Society's  Quarterly  Journal. 

It  was  stated  that  Mr.  C.  Davies  Sherborn  had  undertaken  ta 
continue  during  the  year  1902  the  preparation  of  the  Catalogui" 
slips  which  the  Society  supplies  to  the  Kegional  Bureau  of  tlie 
International  Catalogue  of  Scientific  Literature.  Further,  the 
services  of  Mr.  Sherborn  had  been  secured  for  the  preparation  of 
a  new  Library  Catalogue. 

Reference  was  made  to  the  work,  which  the  Rev.  J.  F.  Blake  had 
offered  to  undertake  without  remuneration,  and  upon  which  he  was 
now  engaged,  of  editing  and  preparing  for  publication  a  catalogue  of 
the  type-  and  other  important  specimens  in  the  Societj^'s  Museum. 
Reference  was  also  made  to  the  pamphlet  by  the  Rev.  J.  F.  Blake, 
entitled  "  Suggestions  for  Certain  Improvements,  1901,"  which  had 
been  under  the  consideration  of  the  Council. 

The  establishment  of  the  Trust  which  will  henceforward  be  knowa 
as  the  Daniel  Piclgeon  Fund  was  announced,  and  the  list  of  awards 
of  the  various  Medals  and  proceeds  of  donation  funds  in  the  gift  of 
the  Council  was  read. 

The  report  of  the  Library  and  Museum  Committee  enumerated  the 
extensive  additions  made  to  the  Society's  Library,  and  mentioned 
that  considerable  progress  had  been  made  with  the  work  of  glazing 
the  drawers  in  the  Museum. 

The  reports  having  been  received,  the  President  handed  the 
Wollaston  Modal,  awarded  to  Dr.  Friedrich  Schmidt,  F.M.G.S.,of 
St.  Petersburg,  to  Professor  H.  G.  Seeley,  for  transmission  to 
the  recipient,  addressing  him  as  follows  : — Professor  Seeley, — 

Friedrich  Schmidt  is  our  chief  living  authority  upon  the  rocks  and  fossils  of  tiw 
Baltic  Provinces  of  Russia.    The  work  of  ascertaining  the  order  and  organic  remain* 
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of  tlie  ricUy  foniliferous  strata  of  Esthonia,  from  the  base  of  the  Cambrian  to  the 
aummit  of  the  Devonian,  originally  commenced  in  broad  outline  by  Eichwald, 
Pander,  and  others  between  the  years  1830  and  1850,  was  taken  up  in  great  detail 
in  1853  by  Schmidt,  who  was  at  that  time  Professor  at  the  University  of  Dorpat. 
In  the  year  1856  he  published  his  first  work,  '*  Die  Silurische  Formation  von 
EttUnd,  Nordlivland,  und  (Esel,''  which  at  once  became  the  standard,  and  was  referred 
to  in  detail  by  Mnrchison  in  his  own  paper  on  the  subject  in  the  Quarterly  Journal 
of  this  Society  for  1857.  Even  at  this  time  Professor  Schmidt  had  recognized 
between  400  and  500  fossils  in  these  Estlionian  rocks,  had  separated  the  Lower  and 
Upper  Silurian  faunas,  and  had  proved  the  existence  of  Eurypterus  and  Cephalaspia 
ia  the  highest  beds  of  his  country. 

For  the  next  thirty  years  he  continued  these  researches,  and  by  the  year  1882  he 
had  completed  a  general  survey  of  the  region,  had  separated  the  Lower  Palasozoic 
fonnatiouH  into  the  three  fauna!  divisions  of  Cambrian,  Ordovician,  and  Silurian,  and 
datinruiiihed  some  fifteen  zones  and  sub-zones  in  the  collective  succession.  He  also 
pnblisned  a  map  showing  the  distribution  of  the  major  zones,  in  readiness  for  the 
International  Geological  Map  of  Europe.  Dr.  Schmidt's  results  have  enabled  the 
whole  of  the  Russian  Palicozoic  Series  to  be  paralleled  with  the  corresponding  rocks 
of  Scandinavia  and  other  parts  of  the  world. 

In  constant  connection  with  the  stratigraphical  work,  he  has  especially  busied 
himself  in  the  development  and  description  of  the  palaeontology  of  the  Palaiozoic 
TOccessiou.  He  has  figured  and  described  the  Trilobites  of  the  entire  series, 
poblishin^  the  first  part  of  his  **  Revision  der  Ostbaltischen  Silurischen  Trilobiten*' 
m  1881,  the  fourth  part  in  1894,  and  the  fifth  part  in  1898.  He  has  also  worked  out 
the  Eurypterida*  and  the  Leperditiado),  the  final  parts  of  tliis  work  appearing  in  1900. 
In  1888  he  made  known  the  discovery  of  Oieneliiis  in  the  Lower  Cambrian  rocks  of 
£?thoniii,  and  he  has  subsequently  described  and  figured  the  first  Russian  Ohtnellus 
{(),  Michwitzia). 

Dr.  Schmidt's  work,  both  palooontolo^ical  and  stratigraphical,  bears  the  impress 
of  ulI^!paring  labour,  modest  caution,  ana  thoroughness ;  and  the  results  that  he  has 
obtained  have  been  invaluable  in  tlie  development  of  our  knowledge  of  the  geology 
;ind  fossils  of  the  Baltic  Pri)vinces.  He  is  one  of  the  last  survivors  of  the  heroic  age 
of  geology,  being  the  contemporary  and  or';asional  colleague  of  Eichwald,  Pander, 
Kaysjerlin;^,  De  S  erueuil,  Mnrchison,  and  liarrandc.  The  award  of  our  Wollaston 
Medal  to  this  eminent  Russian  geologist  and  palieontologist  is  not  only  expri'ssive  of 
our  hearty  recognition  of  his  lifelong  devotion  to  the  study  of  the  rocks  and  iossils 
ot  his  native  land,  but  is  also  a  grateful  acknowledgmeut  of  the  important  services 
B'hieh  he  and  his  countrymen  have  rendered  to  llie  general  advaucenieut  of 
Ideological  science. 

Professor  Seelcy  replied  in  the  following  words  : — Mr.  President, — 

Dr.  Friedrich  Schmidt  desires  to  express  his  thanks  for  the  honour  of  the  award  of 
the  "NVollaston  Medal,  and  to  say  how  much  he  regrcta  his  inability  to  l)c  present 
here,  lor  he  gratefully  appreciates  this  expression  of  generous  sympathy  with  his 
work.  In  early  life  he  wandered  through  Siberia,  where  he  learned  the  English 
language,  which  enabled  him  to  contribute  to  the  Society's  Journal. 

I  have  known  Dr.  Schmidt  as  Administrator  of  the  (Geological  MuscMim  of  the 

Imperial  Academy  of  Sciences  of  St.  Petersburg,  where  I  examined  the  materials 

descril>ed   in   hLs   memoirs  ;    and,  in   common   with  members   of  the  International 

Ueological  Congress,  I  have  been  guided  by  him  along  the  southern  coast  of  the  (iulf 

of  Finland,  from  St.  l*et^Tsl)urg  to  (Esel,  to  tlie  principal  scenes  of  his  work  in  the 

Cambrian  and  Silurian  rocks  and  Drift-depo?^its  m  the  Eastern  Baltic  Provinces  of 

Russia.     And  I  may  be  pennitted  to  say  that  all  his  work  seems  to  me  characterized 

liy  brwidth  of  treatment  and  lucidity,     in  Schmidt  the  gifts  and  attainments  of  the 

uuturalist    illuminate  the  work  of  the  geologist;  and  his   search  for  truth  never 

wearies  and  never  hastes  till  all  available  facts  are  brought  into  illustrative  relation 

with  his  research.     His  many-9id(?d  studies  of  nature  have  given  a  philosophical 

character  to  all  Dr.  Schmidt's  contributions  to  science  ;  and  it  is  impossible  not  to 

realize  that  his  scientific  writing^^,  which  are  many  and  valuable,  give  but  inadetjuate 

'xpression  X*>  a  personality  which  has  powerfully  influenced  many  to  follow  his 

methods  and  emulate  his  results.     He  has  parsed' his  70th  year,  but  works  viw,  ■siiA 

looks  for^'ard  to  soon  completing  his  ^na\  memoirs  on  the  Trilobites. 
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He  will  warmly  appreciate  the  terms  in  which  the  presentation  of  the  Medal  has 
heen  made,  no  less  than  the  manner  in  which  the  Geological  Society  has  endorsed  the 
award  of  the  Council. 

The  President  then  presented  the  Balance  of  the  Proceeds  of  the 
Wollaston  Donation  Fund  to  Mr.  Leonard  James  Spencer,  M.A., 
F.G.S.,  of  the  Mineralogical  Department,  Natural  History  Maseam, 
addressing  him  as  follows : — Mr.  Spencer, — 

Your  researches  in  Scientific  Mineralogy  during  the  last  Eeven  years  constitnte  an 
important  and  solid  contribution  to  natural  knowledge.  It  is  appropriate  that  the 
Council  of  this  Society  should  mark  their  recognition  of  your  labours  by  awarding  to 
you  the  Balance  of  the  Proceeds  of  the  Wollaston  Fund,  which  was  instituted  to 
promote  researches  concerning  the  mineral  structure  of  the  Earth. 

In  a  series  of  papers  on  indi?idual  species  you  haTe  shown  yourself  to  be  a  master 
of  the  methods  of  crystallographic  and  minenuo^cal  research,  and  you  hare  applkd 
these  methods  with  'signal  success  to  the  investigation  of  difficult  minerals,  some  of 
which  had  baffled  the  efforts  of  previous  workers. 

Special  interest  attaches  to  those  researches  which  you  havo  carried  out  in 
collaboration  with  Mr.  Prior,  to  whom  this  Fund  was  awajded  two  years  ago,  since 
these  have  led  to  the  elucidation  of  species  which  had  previously  been  misinterpreted, 
and  have  proved  the  identity  of  several  rare  minerals  which  were  formerly  ranked  as 
different  species.  The  most  conspicuous  instance  is  your  joint  study  of  Binnite, 
whereby  that  mineral,  regarded  for  45  years  as  a  distinct  species,  was  proved  to  be 
identical  with  the  well-known  mineral  Tennantite. 

Such  researches  naturally  attract  little  attention  outside  the  circle  of  mineralogists, 
but  they  are  the  sort  of  researches  upon  which  accurate  science  is  based. 

The  Council  have  pleasure  in  marking  their  appreciation  of  your  patient  and 
effective  labours,  by  this  award,  and  hope  that  their  recognition  of  your  work  will 
encourage  you  to  proceed  with  similar  investigations. 

In  presenting  the  Murchison  Medal  to  Mr.  Frederic  William 
Harmer,  F.6.S.,  the  President  addressed  him  in  the  following 
words  : — Mr.  Harmer, — 

The  Council  of  this  Society  have  awarded  to  you  the  Murchison  Medal,  in 
recognition  of  your  long- continued  labours  among  the  Pliocene  and  later  deposits 
of  East  Anglia. 

In  speaking  of  your  earlier  work,  it  is  impossible  to  separate  your  name  from  that 
of  Searles  V.  Wood,  jun.,  who,  I  believe,  discovered  you  on  the  Cromer  coast 
nearly  fortv  years  ago,  when  you  were  trying  to  solve  the  riddle  of  its  complicated 
Drifts.  AV'ood,  who  had  previously  made  a  Dnft  Survey  of  the  whole  of  Essex  on 
the  scale  of  1  inch  to  the  mile,  soon  enlisted  your  services  in  Norfolk  while  he 
continued  his  work  in  Suffolk ;  and  in  the  course  of  about  four  years  you  were 
together  able  to  bring  before  the  British  Association  at  Norwich  a  summary  of  the 
results  at  which  you  had  arrived  from  the  mapping  of  the  Crag  and  Glacial  Beds. 
Your  map  was  published  on  a  reduced  scale  by  the  PaloBontogrnphical  Society  in 
1872,  witn  a  memoir  in  which  vou  and  Mr.  Wood  elaborated  many  points  touched 
upon  in  vour  previous  work,  these  original  surveys  formed  an  excellent  basis  for 
your  further  researches  into  the  structure  and  method  of  formation  of  these  deposits, 
and  for  the  labours  of  all  who  have  followed  in  your  foot^steps.  Freed  from  the  cares 
of  business  and  of  municipal  duties,  which  0<!cupied  much  of  your  time  in  earlier 
years,  your  attention  has  latterly  been  given  to  a  studv  of  the  minuter  divisions  of  the 
Cra^  Series,  not  only  in  this  country',  but  abroad — in  llolland  and  Belgium  :  thereby, 
dealing  with  the  zonal  succession  in  the  Crag  Series  and  with  the  distribution  of 
molluscan  life  generally  in  the  Pliocene  Periocf,  you  have  enlarged  our  knowledge  of 
the  physical  and  climatal  conditions  under  which  both  Pliocene  and  Pleistocene 
deposits  were  laid  down,  and  have  drawn  especial  attention  to  the  way  in  which 
metcorolonry  can  aid  in  the  solution  of  geological  problems. 

While  it  is   a  matter  for  regret  that  Searles  V.  Wood,  jun.,  did  not  live  to 
receive  from  this  Society  any  token  of  its  appreciation  of  his  labours,  it  is  a  great 
satisfaction  to  place  this  Medal  in  the  hands  of  his  partner,  who  has  so  strenuously 
carried  on  the  yvork  with  which  his  name  will  always  be  associated. 
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Mr.  Harmer  replied  as  follows:^ Mr.  President, — 

It  18  impossible  to  thank  the  Council  as  I  could  wish  for  the  great  honour  that 
iher  hare  conferred  on  me,  or  yourself,  sir,  for  the  words  which  you  haye  just 
ipoken.  The  pleasure  that  this  award  gives  to  me  has  been  much  increased  by  your 
bud  reference  to  my  dear  old  master  and  friend,  Searlos  Y.  Wood  the  younger,  with 
whom,  as  you  have  said,  I  had  so  long  the  privileffe  of  working :  to  whom,  indeed, 
the  credit  of  anything  that  I  was  able  to  accomplish  in  my  younger  days  is  largely 
doe.  I  am  glaa  to  think  that  this  Medal  recognizes  also  the  yalue  of  the  far  more 
important  labours  of  the  distinguished  man  to  whose  teaching  and  influence  I  owe 
:»  mnch. 

I  regret  that  during  my  best  years  the  demands  on  my  scanty  leisure  left  me  no 
time  for  geological  invetftigation,  and  that  I  have  only  been  able  to  return  to  it  in  the 
«Tening  of  life :  first,  because  I  can  hardly  expect  to  do  much  to  show  myself  more 
worthy  of  this  great  distinction ;  and  next,  because  1  shall  have  to  leave  to  my 
»!icoe88or8  manj  important  and  interesting  problems  in  East  Anglian  geology,  in  the 
iiolution  of  which  I  once  hoped  to  have  taken  part. 

The  President  then  presented  the  Balance  of  the  Proceeds  of  the 
Murchison  G^logical  Fund  to  Mr.  Thomas  H.  Holland,  F.G.S.,  of 
the  Geological  Survey  of  India,  addressing  him  in  the  following 
words  : — Mr.  Holland, — 

The  Records  of  the  Geological  Survey  of  India,  tho  Journal  of  this  Society,  and 
•otiber  periodicals  bear  testimony  to  your  scientific  activity  during  the  past  decade. 
I  can  only  refer  to  a  few  of  your  more  important  contributions  to  the  advancement 
4)f  science. 

In  your  Memoir  on  the  Chamockito  Series  you  have  made  us  familiar  with  the 
field -relations,  the  mineralogical  composition,  and  the  microscopic  structure  of  an 
important  and  interesting  group  of  Archtean  rocks;  in  your  contribution  to  the 
**  Manual  of  the  Geology  of  India  "  you  have  given  as  a  vulusiblf  treatise  on  the 
natural  history  of  Corundum ;  and  in  your  paper  on  tlie  Ehcolito- Syenites  of 
.Sivamalai  you  have  added  a  new  group  to  the  foliated  crystalline  st-ries. 

Bat  you' have  not  confined  your  attention  to  the  crystallinu  r()cks.  In  the  *♦  Report 
on  the  Geological  Structure  and  Stability  of  the  Hill-Slopes  around  Naiui  Tal "  you 
have  brought  your  geological  knowledge  to  bear  on  (iU{?stioTis  aff«H'ting  the  seeurity  of 
lile  and  property,  and  have  laid  down  general  principle-*  which  must  ])e  of  great 
utility  to  all  those  who  are  responsible  for  the  safety  of  the  inhabit^mts  of  those  hilly 
districts,  in  which  denudation  is  going  on  with  exceptional  rapidity. 

I  have  much  plea>ure  in  handing  you  the  Balance  of  the  Murchisou  Creological 
Fund,  which  has  been  awarded  to  you  by  the  Council  ot  tlie  Geoloi^ical  Society  in 
recognition  of  your  valuable  contributions  to  Indian  Geology. 

In  handing  the  Lyell  Medal  awarded  to  Mr.  Kichard  Lydekker, 
B.A.,  F.R.S.,  to  Dr.  F.  A.  Bather  for  transmission  to  the  recipient, 
the  President  addressed  him  as  follows  : — Dr.  Bather, — 

Mr.  Lydekker*s  labours  in  the  domain  of  Vertebrate  Paheontology  commenced, 
I  believe,  with  a  study  of  the  Siwalik  fossils,  which  resulted  in  numerous  and 
valuable  additions  to  the  classic  work  of  Falconer  &  Cautley  on  the  Siwalik  Fossils. 

Many  other  Tertiary  Vertebrata  from  various  ])art,s  of  India  and  Burmali,  from 

Perim  Island,  Sind,  the  Nerbudda,  and  th(;  Irrawaddy  Vallev,  have  been  examined 

and  described  by  him.     He  has  also  given  us  an  account  ot  the  Pleistocene  fauna  of 

the  Kamul  caves,  and  has  contribut<;a  to  our  knowledge  of  Indian  Mesozoic  Reptilia. 

During  his  residence  in  India  as  an  Officer  of  the  Geological  Survey  ho  was 

necessarily  much  occupied  with  field-work  ;  and  we  have  to  thank  him  for  a  detailed 

account  of  the  vast  mountainous  area  comprised  within  the  territories  of  Kashmir. 

Since  his  return  to  this  country  he  has  not  been  idle.  He  has  contributed  no  less 
tilian  ten  volumes  to  the  Official  Catalogue  of  the  British  Museum  ;  he  has  visited  the 
Museums  of  Argentina  and  added  much  to  our  knowledge  of  the  remarkable  Tertiary 
iaima  of  South  America ;  and  he  has  funiishcd  to  this  and  other  Societies  numerous 
^wcriptionu  of  Vertebrata  from  the  Mesozoic  and  Tertiary  fomiatiouft  o(  Nvx.iYQi^a& 
countries.    His  extensive  knowledge  of  fossil  forms  has  enabled  \um  to  coiL\.TWiu\ft  \o 
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tvo  of  the  moit  remarkable  zoolosical  books  published  dnrin^  the  last  decade  oi  the 
■ineteenth  oentiuy.  I  refer  to  **  Mammals,  LiTing  aad  E^mct,"  br  Sir  William 
Flover  and  him,  and  Ut  the  *'  Dictionary  oi  Birds  "  bj  ProfesMir  A.  Xe vton.  Of  late 
yean  he  has  devoted  himself  more  e^eoally  to  the  rtndj  of  recent  iormi ;  bat  in  hi» 
work  on  the  Geographieal  History  of  v«wiin«u  lie  has  snccMBfnlly  brooght  his  wide' 
knowledge  of  the  mammalian  life'of  past  times  to  bear  on  the  important  qneation  oi 
^geographical  distribntion. 

As  an  old  fellow. student  of  his  at  Cambridge  it  gives  me  the  greatest  pleasure 
to  be  the  mean«  of  transmitting  to  him  the  Lyell  Medal  on  behalf  of  the  Council 
of  the  Geological  Society.  In  making  the  award  the  Council  deifire  especially  to 
eommemorate  the  important  services  which  he  has  rendered  to  Vertebrate  Palaeontology. 

Dr.  Bather,  having  expressed  on  behalf  of  the  recipient  the 
hitter's  regret  that  ao  engagement  at  Norwich  prevented  him  from 
being  present  in  person  to  receive  the  Medal,  read  the  following 
oommuuication  from  Mr.  Lydekker : — 

'*The  award  of  a  Lvell  Medal  would  under  any  circumstances  btr  a  cause  of  great 
gratitication  to  the  recipient.  But  I  have  special  reason  to  be  gnitilied  at  the  reward 
that  the  Council  have  bieen  good  enough  to  bestow  on  me,  because  in  matters  scientific 
I  seem  to  have  pa-ssed  unconsciously  through  a  kind  of  evolutionary  process,  and  to 
have  departed  further  and  further  from  the  hne  of  study  connected  with  the  Geological 
Society.  During  my  term  of  service  on  the  Geological  Survey  of  India  I  was  largely 
occupie<l  with  Geology  proper,  although  devoting  a  considerable  proportion  of  my 
time  to  \'ert<')irate  Palu^ntologv.  For  several  years  after  my  return  to  this  countn' 
that  lanf-inatiiig  .subject  occupietl  the  greater  share  of  my  attention.  But  of  late  years 
I  have  \KfU  led  by  the  force  of  circumstances  to  transfer  my  time  more  and  more  to 
recent  uuiinals  and  geo<^raphieal  distribution.  Moreover,  1  regret  to  say,  much  of 
my  time  has  hceu  <;iV('n  to  popular  or  semi-popular  writing  rather  than  to  strictly 
scientific  work.  Under  thene  circumi^tances  it  is  especially  gratifying  to  find  that  the 
Geolo^^ical  JSocirty  is  not  nnniindtui  of  my  past  etforts  to  add  to  our  knowkxige  of 
extinct  Vtrtelirates  ;  a  ta-^k  which  I  hope,  as  opportunity  occurs,  may  to  some  extent 
be  resumed  in  the  future.  To  you,  bir,  as  representing  the  Council,  I  have  the 
pleasure  c»l  tendering  my  Inrst  thanks  for  the  honour  now  conferred  upon  me ;  and 
I  may  add  that  my  pleasure  is  intensitied  by  receiving  the  award  at  the  hands  of 
a  Cambridge  coute'mporMry  who  has  risen  to  the  distinguished  positiou  now  occupie<l 
by  youruell.*' 

The  President  then  handed  another  Lyell  Medal,  awarded  to 
Prof.  Anton  Fritscli,  F.M.G.S.,  of  Prague,  to  Prof.  H.  G.  Seeley 
for  transmission  to  the  recipient,  addressing  him  in  the  following 
words  : — Professor  Seeley, — 

The  Council  of  the  Geolojrical  Society  have  awarded  a  Lyell  Medal  to  Dr.  Anton 
FritHch,  ot  I'ra^^iie,  in  evidince  of  their  appreciation  of  the  value  of  his  pubhshed 
works  upon  the  I'aiuontoloji^y  ot  Uohemia.  In  1872,  1878,  and  1887  Professor 
Fritsch  j^avc  us  a  series  <>t  volumes  on  the  Cephalopoda,  lleptiles.  Fishes,  and 
CrustaiiJi  ot  tlie  Bohemian  Cretaceous  Rocks.  But  he  is  best  known  bv  his  researches 
in  Palseozoic  Palieontology.  Twenty  years  ago,  after  the  publication  of  the  first 
results  ot  liis  labours  on  tlie  Fossils  of*  the  Pilseu  Coal-basin,  this  Society  made  to 
him  an  award  from  the  Lyell  Geolo^^ical  Fund.  It  is  titting,  therefore,  that  he 
should  receive  tin*  i^yell  Mediil  on  the  completion  of  this  great  work,  which  n*presents 
twenty-tive  years  of  strenuous  labour,  and  has  gained  for  its  author  a  position  of 
great  eiuitience  in  the  palieontolo^ical  world. 

Much  ot  the  material  with  which  he  has  had  to  deal  would  probably  have  been 
ueglect«;d  hy  less  accomplished  observers.  By  careful  drawing  with  his  own  hands, 
and  by  the  aid  of  electrotype  reproductions  of  perishable  parts,  he  has  brought 
vividly  befori^  us  a  new  I'ernlian  terrestrial  fauna,  remarkable  for  its  labyriuthodont-ia, 
tishes,  arachnida,  insects,  and  myriapoda.  Professor  Frit«*ch  has  not  only  described 
a  vast  amount  of  n(;w  paluMUitolo^^icid  material,  but  he  has  also  used  the  knowledge 
thus  gained  lor  the  purj)ose  ot  elucidating  the  atliiiities  of  the  different  extinct  group* 
nJth  each  other  and  with  their  nearest  living  allies. 
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Hifl  studies  of  Labyrinthodoutia  demonstrated  the  wide  range  of  btructure  in 
laimals  included  in  that  ^oup,  and  Huggested  the  ap^)roxiniation  of  the  soyeral 
rabdiriiions  which  he  dettcnbed  to  different  orders  of  reptiles. 

In  conTeving  this  Medal  to  Dr.  Fritsch  I  ask  you  to  express  to  him  our  sympathy 
with  his  labours  in  palaeontology  which  have  been  carried  on  for  fifty  years,  and  our 
aitisfaction  at  the  completion  of  his  great  work  on  the  Permian  Fauna  of  Buhi-miu. 

Professor  Seeley  replied  as  follows: — Mr.  President, — 

It  is  a  great  pleasure  to  receive  the  Lyell  Medal  on  behalf  of  Professor  Fritsch. 
He  has  successfully  overcome  difficulties  in  the  mineral  condition  of  material  which 
might  huve  stopped  a  le8.<»  resolute  man.  Ilis  work,  enriched  with  all  the  learning 
which  a  comparative  anatomist  could  bring  to  palwontological  problems,  will, 
I  believe,  always  rank  as  one  of  the  more  important  contributions  to  knowledge 
made  in  the  latter  half  of  the  nineteenth  century.  The  Medal  cume  as  u  happy 
surprise  to  Professor  Fritsch,  and  he  writes  to  me : — 

**  In  awarding  to  me  the  proceeds  of  the  Lyell  Fund  twenty-live  years  ago  the 
Society  encoura^d  me  in  the  heavy  work  of  describing  the  ricli  fauna  of  the  Permian 
strata  in  Bohemia,  which  I  have  happily  finished  after  thirty  years  of  labour. 

**  This  second  award  will  strengthen  mo  to  devote  the  rest  of  my  lite  to  further 
daboration  of  the  beautiful  pala;outological  materials  iu  our  Museum.  The  new 
revision  of  the  Carboniferous  Araehnida  and  descriptions  of  two  large  Saurians  from 
our  Chalk  formation,  on  which  I  am  at  work,  will  be  the  best  thanks  that  1  can  pay 
to  the  Geological  Society  for  this  generous  gift.** 

The  President  then  presented  the  Balance  of  the  Proceeds  of  the 
Lyell  Geological  Fund  to  Dr.  Wheeltoii  Hind,  F.R.C.S.,  of  Stoke-on- 
Trent,  addressing  him  as  follows  : — Dr.  VVhoelton  Hind, — 

The  Council  of  the  S(»eiety  have  awarded  to  y<m  the  Balance  of  the  Proceeds  of 
the  Lyell  Fund  as  a  mark  of  their  appreciation  of  your  cjnthusiastie  labours  among 
the  Carboniferous  rocks  of  this  country.  During  the  past  twelve  years,  while 
residin;^  in  the  interesting  region  ol  the  Potteries,  and  hugely  occupied  iu  arduou> 
professional  work,  you  have  found  time  for  a  detailed  study  of  the  rocks  uud  fossils 
of  your  district,  and  more  especially  of  the  neglected  laniellibrauchs  of  tlio  Coal- 
measures.  Extending  your  labours  into  bordering  and  even  distant  Carboniierous 
areas,  you  have  not  only  enriched  our  knowledge  of  the  stratigraphical  divisions,  but 
you  have  initiated  a  study  oi  the  life-zones — a  study  which  has  ])orne  good  Iruit,  and 
m  which  we  anticipate  from  you  further  important  re«<ults.  In  addition  to  this,  wc 
are  further  indebted  to  you  for  the  monographs  on  Carboniferous  MoUusca  which 
you  have  contributed  to  the  Pala?ontographical  Society. 

In  handing  the  Proceeds  of  the  Barlow- Jameson  Fund,  awarded  to 
Mr.  William  Maynard  Hutchiugs,  F.G.S.,  of  Newcastle-upon-Tyne, 
to  Mr.  George  Barrow  for  transmission  to  the  recipient,  the  President 
addressed  him  as  follows: — Mr.  Barrow, — 

In  the  midst  of  a  busy  professional  life  Mr.  Ilutchings  has  found  time  to  carry 
out  a  series  of  laborious  petrographical  researclies,  and  to  cimtribute  a  number  ot 
imi)ortant  papers  to  the  Geological  Magazine  and  other  scientific  jouniaK. 

He  has  especially  directed  iiis  attention  to  the  composition  of  the  liiur-graiiied 
sedimentJir)'  rocks,  and  to  the  changes  which  are  produced  iu  them  by  normal 
decomposition  and  contact-action.  The  rocks  on  which  he  has  worked  have  heiii 
eomparatively  neglected  by  petrologists,  in  cons<'queii<*e  of  the  dilhculties  attending 
their  investigation,  but  he  has  shown  that,  hv  the  use  ol  suitable  sectitms  aud  very 
higli  powers,  these  ditliculties  can  be  ^^uccesstully  surmounted. 

The  Council  of  the  Geological  Society  have'  awarded  to  Mr.  Ilutchings  a  grant 
from  the  Proceeds  of  the  IJarlow-Jamesou  Fund,  as  a  mark  of  their  appreciation  ol 
his  c<mtributions  to  petrograj)hical  scieui-e,  and  as  an  e\pressi(»u  of  the  hope  that,  in 
the  future  as  in  the  past,  ho  will  be  able  to  carry  on  the  researches  which  hav  • 
thrown  so  much  light  on  the  natural  historv  of  our  sedimeiitarv  rocks. 

The  President  then  proceeded  to  read  his  AnniversaY^  A.dd\^«»v., 
in  which  he  first  gave  ohitimry  notices  of  eeveral  YeWowa  \\^^^^^^^ 
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^^fT^  th^  ^^^  annual  meeting,  inoludiog  Dr.  O.  M.  Dawson  (elected 
;#.  ^SCv^^«  Professor  E.  W.  Clavpole  (el.  in  1879),  the  Hon.  Olarenoa 
X^w  K*^-  »»  IS*^^)*  M^-  J-  H.' Blake  (el.  in  1868),  Professor  Ealph 
ti\i^  v<^^  "^  1861),  Mr.  J.  Shipman  (el.  in  1885),  the  Bev.  Frederick 
'^Mhtk  ^ol.  in  1858) ;  Professor  Gustav  Lindstrom  (el.  For.  Memb. 
^vA  IS'.^'J),  and  Baron  A.  E.  Nordenskiold  (el.  F.M.  in  1880). 

U«>  then  dealt,  in  continuation  of  the  address  delivered  last  year, 
with  the  evolution  of  petrological  ideas  as  regards  the  sedimentary 
{^Mvl  metamorphic  rocks. 

The  influence  of  the  growth  of  knowledge  as  to  the  nature  of  the 
^dinientary  rooks,  the  chemical  and  physical  processes  involved  ii 
their  formation,  and  the  deposits  now  forming,  was  traced  in  men 
or  less  detail.  Special  attention  was  directed  to  the  importance  ol 
oxperimental  research,  suggested  and  controlled  by  an  intimaU 
knowledge  of  the  facts  of  geology. 

It  was  pointed  out  that  the  natural  history  of  our  sedimentar} 
formations  requires  for  its  elucidation,  not  only  a  study  of  th< 
phenomena  taking  place  in  sea-basins  and  areas  of  open  drainage, 
l>ut  of  those  of  desert  regions  and  areas  of  closed  drainage ;  and  tha 
the  recognition  of  this  fact  by  Bam  say  and  others  marks  a  distinc 
advance  in  the  evolution  of  ideas.  The  researches  in  desert  regioni 
by  W.  T.  Blanford,  0.  Fraas,  Schweinfurth,  J.  Walther,  and  othen 
were  referred  to,  and  their  results  epitomized. 

In  the  part  relating  to  crystalline  schists  it  was  pointed  out  that 
if  gneissose  rocks  of  original  igneous  origin  be  left  out  of  accounl 
the  remainder  consiBt  for  the  most  part  of  metamorphic  rocks  ;  an< 
the  growth  of  opinion  on  the  subject  of  metamorphism  as  applied  t 
crystalline  schists  was  briefly  traced.  The  idea  that  mixed  rock 
might  be  formed  by  the  intrusion  of  one  kind  of  igneous  rock  int 
{mother  or  into  a  sedimentary  rock  was  favourably  reviewed,  am 
its  bearing  on  the  origin  of  certain  crystalline  schists  was  indicated 

The  theory  of  dynamo-metamorphism  was  commented  on ;  and  i 
was  pointed  out  that  the  advocates  of  the  theory  had  not  suggeste* 
that  the  deformation  which  resulted  iu  the  production  of  holo 
crystalline  schists  took  place  at  ordinary  surface  temperatures. 

In  conclusion  it  was  pointed  out  that,  although  great  progres 
had  been  made  in  the  interpretation  of  crystalline  schists,  our  stoc 
of  ideas  was  insufficient  to  furnish  a  complete  and  satisfactor 
account  of  their  origin. 

The  ballot  lor  the  Council  and  Officers  was  taken,  and  the  following  were  declan 
<liilv  elected  for  the  ensuing  year: — Council:  F.  A.  Bather,  M.A.,  D.Sc.  ;  W.  1 
Blanford,  LL.D.,  F.U.S. ;  Sir  John  Evans,  K.C.B.,  D.C.L.,  LL.D.,  F.R.S. 
l*r<»fessor  E.  J.  Garwood,  M.A.  ;  Sir  Archibald  Geikie,  D.Sc,  D.C.L.,  LL.D 
F.K.S.  L.  &  E.  ;  Professor  T.  T.  Groom,  M.A.,  D.Sc.  ;  Alfred  Harker,  Esq.,  M.A, 
R.  S.  Herries,  Es(i.,  M.A.  ;  W.  II.  Hudlestou,  E^.,  M.A.,  F.R.S.,  F.L.S. 
Profes-^or  Cliarles  Lapworth,  LL.D.,  F.R.S. :  Lieut. -Gen.  C.  A.  McMahon,  F.R.S. 
J.  E.  Marr,  Esq.,  M.A.,  F.R.S.  ;  Professor  H.  A.  Miers,  M.A.,  F.R.S. ;  Right  Re' 
John  Mitchiuson,  D.D.,  D.C.L. ;  E.  T.  Newton,  Esq.,  F.R.S. ;  G.T.  Prior,  M.A. 
D.  II.  Scott,  M. A.,  Ph.D.,  F.R.S.,  F.L.S. ;  Professor  II.  G.  Seeley,  F.R.S.,  F.L.S 
Professor  W.  J.  Sollas,  M.A.,  D.Sc,  LL.D.,  F.R.S.  ;  Arthur  Sopwith,  Esq 
M.  lust.  C.E. ;  J.  J.  U.  Teall,  Esq.,  M.A.,  F.R.S.  :  Professor  W.  W.  Watts,  M.A 
Uenrv  ^Vood wa rd ,  IJ ^ .  I) . ,  F.R.S. 
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Os/knn  .'^Frendent :  Prof.  Charlee  Lapworth,  LL.  D.,F.R.S.  Viee-Prendentt  : 
Sir  Aichibald  Geikie,  D.So.,  D.C.L.,  LL.D.,  F.R.S.  L.&£.;  J.  £.  Marr,  Esq., 
MX,  F.R.S. ;  Professor  H.  A.  Miers,  M.A.,  F.R.S. ;  Professor  H.  G.  Sodey, 
F.R.S.,  F.L.S.  Secretaries :  R.  S.  Henries,  Esq.,  M.A. ;  and  Professor  W.  W. 
Watts,  M.A.  Foreign  Secretary  :  Sir  John  Evans,  K.C.B.,  D.C.L.,  LL.D., 
F.R.S.,  F.L.S.     Treasurer  :  W.  T.  Blanfoid,  LL.D.,  F.R.S. 

IL— February  26th,  1902.— Prof.  Charles  Lapworth,  LL.D.,  F.R.8., 
President,  in  the  Chair.  The  following  oommunications  were 
read: — 

1.  "On  some  Gaps  in  the  Lias.*'     By  Edwin  A.  Walford,  Esq., 

F.a.s. 

The  author's  endeavour  is  to  prove  gaps  in  the  stratigraphical 
BQOoession  of  the  Lias,  involving  the  removal  of  zones  or  parts  of 
zones,  and  also  to  prove  palsaontological  gaps  by  the  abrupt  appear- 
ance of  many  new  genera  of  moUusca. 

The  Middle  Liassio  ferruginous  limestone  of  the  zone  of  Ammoniien 
Vfinaius  he  states  to  be  mainly  made  up  of  a  kind  of  crinoid  (ferro- 
crinoid).     The  zone  may  be  divided  into 

2.  The  Ferrocrinoid  bank— upper.     30  feot. 
1 .  The  Spirifer  oxygona  beds — lower.     20  feet. 

The  upper  division  varies  from  30  feet  at  an  altitude  of  700  feet  to 
6  feet  at  the  altitude  of  350  feet  on  the  edges  of  the  Cherwell  Yale,, 
owing  to  waste  by  drainage.  The  upper  zone  is  of  great  thickness 
and  importance  in  Oxfordshire  and  Yorkshire  (Cleveland),  but  almost 
absent  in  Dorset,  Somerset,  and  Gloucestershire,  where  the  fauna  of 
the  lower  Spirifer  oxygona  beds  prevails.  The  ironstone  is  thickest 
towards  the  escarpment  on  the  west  of  the  Cherwell  Vale ;  on  the 
east  side  of  the  vale  it  loses  both  in  type  and  importance.  At 
Bloxham  a  course  of  ferruginous  limestone  is  made  up  of  stems  of 
the  ferrocrinoid  in  great  part,  but  near  the  top  it  becomes  a  pink 
compact  limestone,  full  of  fossils  of  the  zone  of  Ammonites  communis  : 
the  intermediate  transition-bed  and  zone  of  Ammonites  serpeniinus 
having  been  removed  by  inter- waste  rather  than  by  contemporaneous 
erosion. 

A  transition-bed  between  the  Middle  and  Upper  Lias  shows  a  great 
incoming  of  new  forms.  They  are  no  doubt  developed  outside  lines 
of  known  strata. 

A  third  gap,  measured  by  the  occurrence  of  a  thin  bed  of 
Pentacrinite-limestone,  is  in  the  zone  of  Ammonites  communis. 

The  '  «ptna<us-ironstone '  is  believed  to  lose  in  thickness  on  the 
aide  of  a  divide  away  from  the  main  west-to-east  dip.  On  the 
Northamptonshire  side  of  the  Cherwell,  where  the  slope  is  to 
the  west,  and  hence  opposite  to  the  general  dip,  the  beds  are  thin, 
although  the  argillaceous  beds  are  better  preserved. 

2.  "  On  the  Origin  of  the  River-System  of  South  Wales,  and  its 
Connection  with  that  of  the  Severn  and  Thames."  By  Aubrey 
Strahan,  Esq.,  M.A.,  F.G.S. 

The  southerly  courses  of  some  rivers  from  the  Usk  to  the  OgmotQ 
are  described,  and  shown  to  be  independent  of  both  the  easl-axi^-'w^^^ 
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folding  and  the  north-north-westerly  faulting  of  the  rocks  on 
which  they  lie.  Farther  west  the  drainage  system  takes  a  different 
direction,  the  rivers  coinciding  so  closely  with  a  set  of  west-south- 
westerly disturbances  as  obvionsly  to  have  been  determined  in 
direction  by  them. 

Of  the  three  systems  of  disturbance  alluded  to,  the  east-and-west 
(Armorican)  folding  was  pre-Triassic ;  it  marks  a  period  of  com- 
pression with  impulse  from  the  south,  and  though  it  reached  great 
intensity  in  Devon,  Somerset,  and  South  Wales,  it  died  away 
in  Central  Wales.  The  north-north-westerly  (Chamian)  faulting, 
though  partly  of  pre-Triassic  age,  was  renewed  in  post-Eocene  timea, 
and  is  manifested  over  much  of  the  British  Isles.  It  marked  periods 
of  relief  from  pressure,  and  of  subsidence.  The  west-south-westerly 
(Caledonian)  folding  was  the  latest;  it  marked  a  period  of  com- 
pression, with  impulse  from  the  north,  and  displayed  greater  energy 
in  Central  than  in  South  Wales.  It  gave  rise  to  a  series  of  sob- 
•sidiary  disturbances  in  the  latter  region,  and  initiated  and  controlled 
the  river-system.  The  ignoring  by  the  rivers  of  the  structures  due 
-to  the  earlier  disturbances  is  attributed  to  the  Palaeozoic  areas  having 
been  overspread  by  Upper  Cretaceous  rocks  at  the  time  of  the 
initiation  of  the  river-system. 

The  eastward  course  of  the  Upper  Severn  is  attributed  to  the 
upheaval  of  a  main  axis  (now  the  main  water-parting)  in  Central 
'Wales.  Its  deflection  to  the  south  and  south-west  was  due  to  the 
formation  of  an  anticline  in  the  Chalk,  which  must  have  been 
•parallel  to,  but  a  little  west  of,  the  present  Chalk  escarpment,  and 
which  was  parallel  to,  and  contemporaneous  with,  the  Caledonian 
disturbances  in  Wales. 

This  anticline,  acting  in  combination  with  the  Armorican  folding 
displayed  in  the  London  and  Hampshire  basins  initiated  the  systems 
of  tlie  Thames  and  Frome.  Those  systems  were  initiated  in  post- 
Oligocene  and  pre-Pliocene  times,  and  the  same  age  is  inferred  for 
the  systems  of  South  Wales  and  of  the  Severn. 


III.— March  12th,  1902.— Sir  Archibald  Qeikie,  D.O.L.,  LL.D., 
F.R.S.,  Vice-President,  in  the  Chair.  The  following  communi- 
cations were  read  : — 

1.     "  The  Crystalline  Limestones  of  Ceylon."     By  Ananda  K. 
Cooraara-Swamy,  Esq.,  B.Sc,  F.L.S.,  F.G.S. 

The   crystalline   rocks   of    Ceylon    may   be   divided    into  three 
series : — 

(1)  The  Older  Gneisses. 

(2)  The  Crystalline  Limestones. 

(3)  The  Grauulites  (Chamockite  Series)— pyroxene-granulite,   leptynite,  f^- 

A  local  subdirision  of  this  series  is  the  Point  de  Galle  Group — wollastonite* 
scapolite- gneisses,  etc. 

The   crystalline   limestones   of  Ceylon  are  intimately  associate^ 
with  the  banded  pyroxene  and  acid  granulites  (Chamockite  Series)* 
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Iliey  form  bacds  with  ontorops  from  a  few  feet  to  over  a  quarter  of 
amfle  in  width,  interbedded  with  the  granulites.  The  limestones 
themselves  have  a  banded  struotare  (foliation)  parallel  to  that  of  the 
granulites  and  to  the  boundaries.  This  foliation  of  the  limestone 
depends  on  variations  in  struoture,  amount  of  accessory  minerals, 
wd  relative  proportion  of  caloite  and  dolomite.  The  grain  is  coarse, 
flometimes  exceedingly  so.  Parallel  and  graphic  intergrowths  of 
calcite  and  dolomite  are  very  characteristic.  The  most  abundant 
aoceesory  minerals  are  olivine,  phlogopite,  pink  or  violet  spinel, 
diopside,  pyrite,  and  blue  apatite ;  less  common  are  amphiboles, 
filinohnmite,  green  spinel,  etc.  The  most  characteristic  contact- 
minerals  are  diopside,  amphibole,  green  spinel,  and  greenish  micas ; 
and,  rather  in  the  granulite  than  the  limestone,  soapolite,  phlogopite, 
diopside,  sphene.  There  occur  also  in  the  limestones,  nodular 
mineral  aggregates  composed  of  characteristic  minerals  such  as 
diopside,  phlogopite,  blue  apatite,  and  spinel. 

There  are  often  transitions  between  the  limestones  and  granulites. 
In  some  other  cases  a  zone  of  green  rooks  (with  diopside,  dark  mica, 
amphibole,  and  green  spinel)  intervenes.  Bands  (sills)  of  granulite 
of  various  width,  down  to  less  than  a  foot,  may  occur  in  the 
iimestone,  and  are  parallel  to  the  foliation  and  general  strike. 
These  show  peripheral  transitions  to  the  limestone  by  incoming  of 
<»nginal  calcite  and  the  appearance  of  lime-silicates,  or  are  separated 
trom  it  by  a  zone  a  few  inches  wide,  in  which  the  minerals  diopside, 
amphibole,  and  green  spinel  are  characteristic. 

Some  interrupted  sills  are  described,  and  compared  with  the 
interrupted  dykes  of  nepheline-syenite  in  the  crystalline  limestones 
<^f  AIno,  described  by  Professor  Ilogboni.  A  sill  may  thus  be 
<x)Dtinued  along  the  strike  as  a  series  of  lenticles.  Elsewhere  quite 
isolated  masses  of  pyroxene-granulite  occur  as  inclusions  in  the 
limestone. 

Although  the  relation  of  the  granulites  to  the  limestones  is  on  the 
whole  intrusive,  the  two  rocks  in  their  present  condition  are 
mentially  contemporaneous,  and  seem  alike  to  have  consolidated 
from  a  molten  magma.  The  calcite  occurring  in  the  granulites  near 
the  contact  has  all  the  appearance  of  an  original  mineral.  The 
loliation  of  the  limestone  is  regarded  as  a  sort  of  flow-structure,  and 
corresponds  with  that  of  the  granulites  to  which  it  is  always  parallel. 
Tliat  the  foliation  does  not  result  from  tlie  action  of  earth-movements 
on  a  solid  rock  is  shown  by  this,  that  the  very  minerals  whose 
variable  distribution  is  one  of  its  chief  causes,  have  certainly  not 
Heen  affected  by  deforming  earth-movements,  nor  are  they  such  as  to 
have  been  produced  by  these  ;  moreover,  in  this  respect  a  distinction 
cannot  V)e  made  between  the  limestones  and  granulites,  which  would 
necessarily  have  suffered  alike  had  they  been  subjected  to  deforming 
strains  since  the  consolidation  of  the  latter.  The  original  nature  of 
the  limestones  is  less  evident :  they  may  have  been  sedimentary  or 
tafaceous,  and,  if  so,  subsequently  softened  and  metamorphosed  ; 
or  possibly  ab  initio  truly  igneous  rocks,  and  related  to  the 
charnockite-magma.     Reasons  for  and  against  tliese  viewa  at^  ^vn^tl. 
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The  relations  between  the  crjBtalline  limestones  and  nephelinc 
syenites  of  Alnii  have  suggested  to  Professor  Hogbom  that  perhap 
the  limestones  may  have  been  a  product  of  the  nepheline-syenit 
magma  there. 

The  author  feels  sure  that  the  crystalline  limestones  of  Ceylo 
have  not  arisen  by  the  alteration  of  the  basic  lime-silicates  of  th 
pyroxene-granulites,  although  Professor  Judd  has  advanced  thi 
theory  in  connection  with  the  crystalline  limestones  of  Burma 
which  seem  to  resemble  those  of  Ceylon  in  many  ways. 

2.  ''  On  Proterozoic  Gasteropoda  which  have  been  referred  t 
Murchiaonia  and  Pleurotomaria,  with  Descriptions  of  New  Subgener 
and  Species."  By  Miss  Jane  Donald.  (Communicated  by  J.  G 
Goodchild,  Esq.,  F.G.S.) 

Many  of  the  Palaeozoic  shells  referred  to  Murchitonia  do  no 
agree  with  the  type,  and  there  are  at  least  two  separate  group 
distinguished  by  the  outer  lip.  The  typical  growth  has  a  slit,  th 
other  merely  a  sinus.  As  the  outer  lip  is  rarely  well  preserved,  i 
is  difficult  and  sometimes  impossible  to  decide  whether  a  particula 
individual  belongs  to  one  or  other  of  these  two  types.  Witi 
regard  to  these  shells,  two  important  questions  require  to  b 
answered.  Firstly,  whether  the  slit  or  the  sinus  characterize 
the  more  primitive  typo ;  and  secondly,  whether  the  elongate 
Murchiaonia  and  the  shorter  Pleurotomaria  are  both  derived  froi 
the  same  stock,  and  which  of  them  appears  the  earlier.  Befor 
considering  the  British  evidence  the  work  of  foreign  palaeontologist 
is  reviewed  by  the  authoress.  From  the  material  at  present  available 
in  the  British  Isles  as  well  as  in  America  and  the  Baltic  Provinces 
elongated  forms  with  a  sinus  precede  those  with  a  slit.  There  ar 
at  least  two  distinct  groups  of  sinuated  shells  with  a  band :  one 
containing  Jlormoioma,  Eciomaria,  etc.,  having  the  lines  of  growtl 
sweeping  back  to  and  forward  from  the  band  very  obliquely ;  am 
a  second,  containing  Lophoapira,  having  the  lines  less  oblique  an< 
agreeing  more  in  direction  with  those  of  Murchiaonia,  only  the  bani 
is  prominent  instead  of  being  grooved.  A  possible  third  group  i 
indicated  by  a  subgenus,  subsequently  described,  in  which  the  linei 
of  growth  are  but  slightly  oblique  and  the  band  grooved.  Th> 
first  two  groups  in  Britain  range  from  Upper  Cambrian  to  Siluriai 
rocks,  and  the  third  from  the  Bala  to  the  Silurian.  The  genu 
Murchiaonia  may  have  begun  in  the  Wenlock  formation.  So  fai 
no  light  is  thrown  on  the  question  as  to  whether  Murchiaonia  sxn 
Pleurotomaria  were  derived  from  the  same  stock,  nor  has  th« 
authoress  yet  mot  with  any  specimens  showing  a  transition  fron 
sinus  to  slit. 

In  the  latter  part  of  the  paper  three  new  subgenera,  eleven  nev 
species,  and  one  new  variety  are  described  and  figured. 
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Som     Account    of    a    nearly     complvtb     Skklvton    of 

HiPPOPOTAMim      MADAGASCARlESSrS,      GULDB.,       FBOM      SlKABt, 

Madagascar,  obtained  in  1895. 

By  C.  I.  FoRftYTH  Majok,  M.D.,  F.Z.S. 
(PLATE    XII.) 

fi£  skeletou  of  a  Hippopotamus  Madagaacarienaia,  Guldb.,  in 
-^  the  British  Museum  (Natural  History)  lias  been  mounted  from 
^^terials  excavated  by  myself  in  the  marshes  of  Sirabo  (Central 
^^agascar)  during  the  year  1895.  The  skull,  lower  jaw,  several 
^^  the  vertebrad,  and  presumably  some  other  bones  belong  to  the 
"^^e  individual. 

My  workmen  reached  a  depth  of  five  metres;  the  bones  from 
^bioh  the  skeleton  is  composed  were  found  in  the  superficial 
^^posit,  but  remains  of  Hippopotamus,  apparently  of  a  single  species, 
^^  numerous  at  all  depths. 

We  have  a  careful  description  of  the  skull  and  skeleton  from 
^^«  same  locality  by  G.  A.  Guldberg,^  and  one  by  A.  Grandidier  & 
3-  Filhol  on  materials  collected  by  the  former  in  the  marshes  of 
^iiibolisatra  on  the  south-west  coast.'-  I  myself  have  published 
*ome  notes  on  the  affinities  of  the  Malagasy  Hippopotami  with  the 
^^er  then  known  species,  living  and  extinct.^ 

There  are  in  the  British  Museum  (Natural  History)  rich  collections 
'^m  the  interior  and  from  the  coast,  which  afford  the  materials  for 
^  exhaustive  monograph  of  at  least  two  of  the   three  or  four 

'  (r.  A.  Goldberg,  **  UndersoDgelsor  over  en  subt'ossil  fiodhest  fra  Madagascar*' : 
^^^^ania  Yideiukabflselskabf  Forhandlinger,  1883,  No.  6,  pis.  i  and  ii. 

'  Grandidier  et  H.  Filhol,  *'  Observations  relatives  aux  ossements  d'Hippopotames 
^Ut^  dans  le  marais  d'AmboUsatra  k  Madagascar*':  Ann.  Sci.  Nat  Zoologie, 
"*•  ni,  vol.  xvi  (1893),  pp.  161-190,  pis.  vii-xv. 

^^'  C.  I.  Fonyth  Major,  **  On  the  eencral  Results  of  a  Zoological  Ex^odiUou  V> 
■••dtgaacar  in  1894-96** :  Proc.  Zool.  Soc.  London,  1896,  pp.  976-91^. 
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Malagasy  speoies  of  the  genus.  As  this  work  has  still  to  be  done, 
and  as  I  do  not  care  to  give  a  compilation  from  the  information 
already  published,  I  wish  the  following  lines  to  be  considered  merely 
as  a  brief  explanatory  note  to  aooompany  the  figure  of  the  mounted 
skeleton  published  in  this  number  of  the  Qeolooioal  Hagaziks 
(Plate  XII). 

Bemains  of  HippopotamuB  from  Madagascar,  presumably  from 
Sirab^,  have  been  known  for  almost  seventy  years.  In  the  Pro- 
ceedings of  the  Geological  Society  of  London  ^  we  find :  **  A  letter 
was  read  from  M.  Telfair  to  Sir  Alexander  Johnstone,  y.P.R.A8., 
accompanying  a  specimen  of  recent  conglomerate  rock  from 
the  Island  of  Madagascar,  containing  fragments  of  a  tusk  and 
part  of  a  molar  tooth  of  a  Hippopotamus,  and  communicated  by 
Roderick  Impey  Murohison,  Esq.,  F.G.S."  These  remains  are 
preserved  in  the  Museum  of  the  Geological  Society,  the  label 
accompanying  stating  them  to  come  from  a  locality  thirty  miles 
from  Antananarivo. 

In  1867  M.  A.  Graudidier  discovered  remains  on  the  south-west 
coast,  to  which  in  1868  he  assigned  the  name  of  Hippopoiamui 
Lemerlei.* 


Fxe.  1. — Hippopotamus  Sivaletisit,  Falc.  &  Cautl.      Frontal  region  ;   copied  from 

fig.  3,  pi.  lix,  Fauna  Antiq.  Siyal. 

/.  frontal ;  /.  lacrymal ;  tn,  malar  ;  mx.  maxillary  ;  n.  nasal  bone. 

Guldberg  has  compared  the  species  from  Sirab6  with  the  living 
H.  amphihius  and  H.  ZiberienBts,  and  comes  to  the  conclusion  that  it 
occupies  a  somewhat  intermediate  position  between  the  two,  although 
approaching  more  closely  to  the  former.  I  have  formerly  stated  that 
all  the  Hippopotamus  remains  from  Madagascar  are  certainly  nearly 
related  to  each  other,  and  this  relationship  may  be  briefly  summed  np 
as  follows :  In  size  they  are  intermediate  between  H.  lAberienais  and 
H.  palteindicuB,  with  scanty  indications  of  a  larger  form ;  in  more 
important  characters  they  would  have  to  be  placed,  according  to 
their  greater  or  lesser  degree  of  specialization,  between  H.  Sivaleiuis 

>  Vol.  i  (1833),  No.  31,  p.  479. 

'  Comptes  R.  Ac.  Sci.  Paris,  Dec.  14,  1868,  vol.  Ixni,  p.  1166. 
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and  H.  palaindieus  on  one  side  and  H.  amphibiua  on  tbe  other ;  the 
lower  end  of  the  whole  line  being  occupied  by  the  most  generalised 
form,  H,  Liberienais  of  West  Africa,  the  top  by  the  most  specialised, 
IT.  major  of  the  Upper  Pliocene  of  Europe. 

The  affinities  thus  expressed  are  based  chiefly  on  the  relatiye 
proportions  of  the  cranial  and  facial  parts  of  the  skull,  the  former 
being  greatly  developed  in  H.  LiberiennSy  whereas  in  H.  amphibius 
and  in  the  H.  major  of  the  Upper  Pliocene  the  cranial  portion  is  much 
redaced,  the  facial  portion  on  the  contrary  is  enormously  produced. 
The  various  crania  from  Madagascar  have,  in  this  respect,  much 
reeemblance  to  H.  Shalenais,  the  cranial  portion,  however,  being 
somewhat  shorter,  the  facial  portion  somewhat  more  elongate ;  so 
that  the  orbit  occupies  a  less  central  position  than  in  H,  SivalensiB 
and,  as  a  matter  of  course,  still  less  so  than  in  H,  Liberiensis.  **  The 
Malagasy  forms  thus  constitute  a  step  farther  in  the  direction  of 
JS.  amphibiuB,  the  breadth  of  the  intraorbital  region  being  much 
less  than  in  the  African  species  and  the  same  as  in  ^T.  8ivalen$i$."  ^ 


Fio.  2. — Hippopotamus  Madagascar icnsiSf  Guldb.     Frontal  region  of  a  skull  from 

SirabS,  in  the  British  Museum  (Natural  History). 

/.  frontal ;  /.  lacrymal ;  m.  malar  ;  mx.  maxillary ;  n.  nasal  bone. 

These  changes  are  reflected  by  the  position  of  the  lacrymal.  In 
EL  LiberienaiB  and  H,  Sivalenaia  (Text-fig.  1)  tbe  lacrymal  is  entirely 
separated  from  the  nasal  by  the  anterior  prolongation  of  tbe  frontal, 
^^hich  thus  comes  into  contact  with  the  maxillary;  whereas  in 
EL  amphibiua  the  lacrymal  is  usually  broadly  interposed  between 
the  frontal  and  maxillary.'  I  found  long  ago  that  the  skulls  from 
Sirab6  exhibit  in  this  respect  also  an  intermediate  position.  As 
a  rule,  the  lacrymal  departs  from  the  orbital  margin  in  an  inward 
direction  and  reaches  the  nasal,  with  which  it  broadly  unites,  thus 
shutting  out  the   frontal   from  a   connection  with  the   maxillary. 

>  Op.  cit,p.  977. 

'  See  tbe  exceptions  in  my  paper,  loc.  cit.,  pp.  977,  978  ;  and  in  St«\Am,  X\Jti<K^. 
Schweix.  Palaeont.  Oes.,  vol.  xxyii  (1900^,  p.  434,  footnote. 
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la.  froat  of  the  Iticrymat,  cvrreaponding  to  the  pL&ce  whicb  in 
S.  Liberi&niii  maH  B.  SivaUntis  is  iKciipied  by  the  foremcMt 
toDgne  of  the  froulRl,  we  finJ  here  a  bone  (1'ext-fig.  2)  of  varyiag 
dimenflioDB,  intercalateil  belween  the  uasal  iiiiil  lacryual,  uniting 
with  the  niftxillary  in  front,  and  sometimes  rencliing  also  the  raalar. 
Id  the  skull  of  the  figured  skeleton  the  region  under  oonsideratioa 
pteaente  tlie  following  conditions  (Text-fi}f.  o).     On  the  left  side 


a  short  and  narrow  tongue  of  the  frontal  inserts  itself  between  the 
laorymal  and  nasal,  where  it  nieetc  with  a  eimilar  but  shorter 
prolongation  of  the  maxillary.  Tliis  ii  a  stage  slightly  in  advance 
of  that  figured  by  Fnlconei-  A  C^iutley  in  IT.  palaindicut ' ;  in 
the  latter  the  laorymal  is  ntill  very  niirrow,  and  the  tongue  of  the 
frontal,  though  sinallcT  than  iu  B.  Sivalfima.  is  still  longer  and 
broader  than  in  tiie  Malagasy  skull.  On  the  right  side  of  the 
latter,  two  small  snpploincntnry  bunes  are  intercalated  medially 
from  the  laorymal ;  the  posterior  one  is  in  contact  with  tlie  frontal- 

'   Fauna  Antiqna  KWhUuIs.  \t\.  hii,  tig.  1. 
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naaal,  laorymal,  and  maxillary,  the  anterior  with  the  lacrymal  and 
maxillary,  being  separated  from  the  posterior  bone  by  a  narrow 
prolongation  of  the  lacrymal  (see  Text-fig.  3,  right  side). 

Daring  a  visit  to  Paris  several  years  ago,  I  pointed  out  to 
Professor  fHlhol  the  presence  of  a  small  intercalar  bone  between  the 
nasal  and  lacrymal  in  one  of  the  skulls  from  Ambolisatra;  this  has 
since  been  figured  and  discussed.*  The  bone  being  absent  in  the 
most  generalized  species  of  the  genus,  the  name  of  prefrontal,  wbidi 
implies  a  homology  with  the  so-called  bone  of  lower  vertebrates, 
appears  to  be  unjustified ;  we  have  evidently  to  do  in  most  oases 
with  one  (or  more)  Wormian  bones.  In  some  cases  it  may  be 
simply  an  anterior  prolongation  of  the  frontal,  the  intermediate 
portion  being  covered  by  the  expansion  of  the  lacrymal. 

Goldberg'  has  estiumted  the  length  of  the  H.  Itadagaacariemis 
at  2*080  metres,  assuming  that  the  cranium  is  one-fifth  of  the  length 
of  the  whole  animal,  as  in  H,  amphibiuB.  The  mounted  skeleton  in 
the  British  Museum  (Natural  History)  has  a  length  of  1'95  metres. 

I  have  elsewhere^  stated  that  presumably  ''the  Hippopotami 
entered  Africa  at  a  time  when  they  were  still  in  possession  of  all 
the  characters  of  the  Siwalik  species,  and  that  they  crossed  to 
Madagascar  when  they  had  reached  a  condition  intermediate  between 
£[.  SivaleMtt  and  H,  amphibius.  In  this  condition  they  persisted  in 
Madagascar,  whilst  on  the  neighbouring  continent  they  progressed 
(or  retrogressed)  farther  in  the  same  direction.**  For  reasons  which 
I  shall  give  farther  on,  we  may  assume  to-day  that  Africa  was  the 
original  home  of  the  Hippopotamus  tribe.  But  I  see  no  reason 
to  depart  from  the  above  statement  as  to  their  crossing  over  to 
Madagascar,  presumably  during  the  Pleistocene  period.  That  the 
Hippopotamus  persisted  in  the  island  up  to  a  recent  date,  and  was 
contemporary  with  man,  may  be  assumed  on  the  following  grounds. 
Many  of  the  remains  are  found  in  superficial  deposits  and  present 
quite  a  fresh  appearance.  Grandidier  &  Filhol  have  figured^ 
a  femur  from  Ambolisatra,  presenting  two  deep  cuts  evidently 
infiicted  by  man.  At  Sirabe  the  name  of  Lnlimena  is  given  to 
the  Hippopotamus,  which  ray  workmen  recognized  at  once  by  the 
tusks,  styled  by  them  *  horns.'  According  to  the  legends  of  the 
inhabitants  of  the  region,  reported  already  by  Dr.  Borchgrevinck,* 
it  was  considered  as  the  greatest  exploit  to  fight  the  monster  and 
deprive  it  of  its  'horns.*  This  was  termed  to  *  play  *  with  the 
Lalimena,  and  used  to  be  the  prerogative  of  the  sons  of  the 
Betsileo  kings. 

It  remains  to  add  a  few  words  on  the  presumed  original  home 
of  the  Hippopotamus  tribe.  Stehlin  has  pointed  out  in  the  skull 
of  the  chceromorid  Acotherulum,  from  the  Upper  Eocene  French 
Phosphorites,  some   features   recalling  decidedly  the  Hippopotami; 

'  GramUdier  k  Filhol,  op.  cit.,  p.  160,  pi.  viii. 

*  Op.  cit.,  p.  24. 

'  Op.  dt.,  p.  978. 

*  Op.  cit.,  pi.  xiv ;  see  also  p.  187. 

/  **0ver9iKt  over  Videuskabsselskabets  Moder  i  1882,''  pp.  ft-W  *.  Ci\it\a^«DQflJk 
^idenfikabsselskabs  Forhandlinger,  1882, 
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from  ibis  be  argues  tbat  the  latter  may  have  been  eToWed  from 
some  member  of  the  Choeromoridas  (very  primitive  pigs)  nearly 
related  to  Aeoihervlum.^  The  later  evolution  of  the  Mippopotam 
jnust,  however,  have  taken  plaoe  outside  Europe,  since  there  is  no 
traoe  whatever  of  ancestral  Hippopotami  in  the  Oligooene  and  the 
whole  of  the  Miocene  European  deposits.  The  oldest  known 
Hippopotamtia  is  represented  by  scanty  remains  in  the  Lower  Pliooene 
lignites  of  Casino  (Italy) ;  it  was  hexaprotodont  like  the  Siwalik 
species,  but  more  generalized  than  the  latter  in  the  shape  of  its  molars. 

Taking  into  further  consideration  the  pigmy  Hippopotamm$ 
(ChiBropsia)  LiberienBia  from  West  Africa,  a  somewhat  divei^ging 
lateral  branch  of  the  stem,  which,  according  to  Stehlin,  has  no 
relation  with  Asiatic  and  European  fossil  forms,  he  finally  suggests 
that  "  possibly  at  the  end  of  the  Eocene,  one  of  the  Chodromoridae, 
nearly  related  to  Acotherulum,  found  a  refuge  in  the  Southern 
Oontinent  [i.e.  Africa],  where  during  the  Oligocene  and  Miooene 
periods  it  was  gradually  farther  dififerentiated  in  the  direction  of 
the  Hippopotamidn.*'  ^  This  conclusion  is  very  suggestive,  especially 
when  taken  together  with  Andrews*  recent  discovery  of  tbe 
African  origin  of  the  Proboscidea.  I  wish  to  add  that  the  Liberian 
Mippopotamua  has  affinity  with  the  Lower  Pliocene  form  of  Europe, 
neither  the  one  nor  the  other  showing  the  specialized  feature  of 
a  trefoil  pattern  so  characteristic  of  the  molars  of  JERppopotamns 
proper.  Moreover,  on  account  of  the  similarity  of  the  lower  canine 
and  incisors  of  the  Liberian  '  Chasropaia '  with  the  same  teeth  of 
Ouvier's  ** petit  Hippopotame  foaaile  '*  (JJ.  minuiua,  Blainv.),  suppose«i 
to  come  from  a  locality  in  Southern  France,  Gervais  has  proposed 
for  the  latter  the  name  Cheer opaia  minutua.^ 

This  same  species  has  of  late  been  discovered  in  caves  of  Cyprus 
by  Miss  Dorothy  M.  A.  Bate;^  and  for  reasons  stated  in  another 
place,^  I  have  come  to  the  conclusion  thatCuvier's  ^^ petit  Hippopotame 
foaaile  "  was  not  found  in  France,  but  brought  over  from  Cyprus. 
The  jff]  minutua  from  Cyprus — which  has  little  to  do  with  the  so- 
called  '  H,  minutua '  from  Malta^ — exhibits  affinities  with  ZT.  LiberienBia, 

»  Abhandl.  Schweiz.  rulaeont.  Ges.,  1900,  pp.  43M,  434. 

»  Op.  cit.,  p.  488. 

3  Zool.  et  Pal.  G6n.,  1867-1869,  i,  p.  250. 

*  The  ossiferous  breccia  at  Chrvsostomo,  near  Kji-Uru^a  (Hag^ia  Maiiua),  in  tht- 
district  of  Nicosia,  which  in  Miss  lBato*8  opinion  must  have  originally  been  a  cave, 
and  from  which  she  obtained  the  bulk  of  her  collection,  was,  according  to  tht- 
account  of  the  Dutch  traveller  Corneille  le  Brun  (de  Bruyn),  well  known  in  former 
tim^ ;  the  Greek  inhabitants  regarded  and  worshipped  these  Hippopotamus  remains  as 
the  bones  of  their  saints.  (Corneille  le  Brun,  '*  Voyage  au  Levant,**  etc..  Delft,  1700. 
p.  375.)  Le  Brun  figures  (No.  193)  a  bone  which  he  had  worked  out  with  erett 
pains  from  the  breccia,  and  says  it  resembles  a  human  radius  ;  but  it  can  clearly  bi- 
made  out  to  be  the  femur  of  the  Hippopotamus,  represented  from  the  posterior  side 
and  in  two  pieces,  the  larger  fragment  being  the  proximal,  the  smaller  the  distal 
portion. 

*  At  the  meeting  of  the  Zool.  Soe.  of  London,  April  15th,  1902. 

®  For  this  Maltese  species,  which  is  intermediate  in  size  between  I£.  PetilUnd' 
and  £r.  minutusy  and  differs  besides  from  the  latter  by  exhibiting  the  characteristic 
trefoil  pattern  of  the  molars,   I   accordingly  propose   the  new  specific   name  oi 
Mippopotamus  Melitenixs. 
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not  only  in  its  oanines  and  inoison,  bat  in  its  molars  as  well ;  thej 
are  of  an  even  more  generalized  character  and  closely  approach  to 
thooe  of  the  Casino  form,  though  being  of  still  smaller  size. 

In  my  opinion,  therefore,  this  Pleistocene  insular  form  is  a  slightly 
modified  surviyor  of  Tertiary  Hippopotamidas,  as  is  also  the  recent 
JE  lAberiemne — the  latter,  by  the  way,  a  parallel  to  that  other  early 
type,  the  Oeapia ;  the  former  points  out  the  road,  or  one  of  the 
roads,  by  which  the  Mippopotami  may  have  passed  from  Africa 
to  more  northern  regions,  before  Cyprus  was  severed  from  its 
oonnection  with  the  neighbouring  continents.  There  are  therefore 
good  reasons  for  supposing  that  the  Olig^ooene  and  Miocene  ancestors 
of  the  JERppopoUxm  had  their  home  in  Africa. 

The  assumption  of  a,  geologically  speaking,  recent  appearance 
of  the  JUppopoiam  in  Madagascar  is  based  on  the  more  modernized 
oharacters  of  the  Malagasy  hippopotami,  as  compared  with  the 
Pliocene  members,  with  IT.  minutus  and  with  IT.  Li6«risnsia,  which 
diaracters  place  the  first-named  nearer  to  JZ*.  amphihius. 

U. — On  a  Sodalite  Syenite  (Ditroitb)  from  Iob  River  Vallet, 

Canadian  Rocky  Mountains. 

By  Profertsor  T.  G.  Bonnby,  D.Sc.,  LL.D.,  F.R.S. 

IN  the  year  1886  the  late  Dr.  6.  M.  Dawson  gave  an  account' 
of  a  syenitic  rock,  rich  in  a  beautiful  blue  Bodalite,  which  he 
had  discovered  when  exploring  the  district  near  Hector  Pass,  on 
the  watershed  of  the  Canadian  Rocky  Mountains,  and  an  analysis 
of  the  mineral  was  afterwards  published  by  Professor  Harrington.' 
The  place  was  visited  last  Summer  by  Mr.  E.  Wbymper  during  his 
examination  of  the  district  south  of  the  Canada  Pacific  Railway, 
when  he  collected  a  number  of  specimens,  which  he  showed  to  me 
on  his  return.  The  rock  is  hardly  less  beautiful  than  lapis  lazuli, 
and  as  no  description  of  its  microscopic  structure  has  been  published, 
as  far  as  I  can  ascertain,  I  give  the  results  of  my  examination, 
together  with  a  condensed  account  of  its  mode  of  occurrence.  I  am 
much  indebted  to  Mr.  Wbymper  for  placing  his  specimens  at  my 
disposal,  to  Mr.  L.  Fletcher,  Keeper  of  the  Mineral  Collection  in 
the  British  Museum,  for  the  opportunity  of  examining  specimens  of 
Bodalite  rock  not  in  my  own  cabinet,  and  to  Mr.  L.  J.  Spencer, 
of  that  department,  for  giving  me  bis  kind  assistance  and  valuable 
references  to  papers  about  the  mineral. 

Dr.  Dawson  states  that  the  Beaver-foot  Range,  on  approaching 
the  Kicking  Horse  River,'  becomes  bordered  by  rounded  and  wooded 
bills,  composed  of  slaty  Cambrian  rock,  whicb,  so  far  as  can  be 

^  '  *  Physical  and  Geological  Features  oi  that  portion  of  the  Kooky  Mountains 
between  fat.  49*"  and  51°  30'**:  Geol.  and  Nat.  Hist.  Surrey  of  Canada,  1886, 
p.  122,  B. 

^  Trans.  Roy.  Soc.  Canada,  vol.  iv,  sect,  iii,  p.  81. 

'  Hector  Pass,  by  which  the  Canada  Pacitic  Railway  crosses  the  watershed  oi  the 
continent,  was  formerly  called  Kicking  Horse  Pass. 
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observed,  underlie  the  valley,  but  that  on  the  opposite  side  of  this 
the  oentre  of  the  high  range  is  formed  of  an  intmsive  series  of 
syenitio  rocks,  which  he  examined  on  Ice  River,  where  they  were 
well  developed ;  and  he  continues  (p.  122,  b),  **  here  the  latter 
are  first  seen  about  two  miles  up  the  valley  ifrom  the  south-western 
base  of  the  mountains  at  its  entrance."  Those  on  the  east  side  of 
the  valley  are  entirely  composed  of  syenite,  and  further  up  those  on 
the  opposite  one,  as  well  as  (apparently)  those  at  its  head ;  and  the 
same  mass  is  continued  sou Ui  ward  at  least  as  far  as  the  head  of  the 
Beaver-foot  It  is  newer  than  the  slaty  Cambrians,  but  posterior  to 
their  cleavage ;  this  is  lost  as  the  rocks  approach  it,  while  thej  an 
baked  and  porcellanized.  *^  The  intrusive  mass  itself,  though  very 
varied  in  appearance  in  different  places,  is  in  the  main  a  nepheline- 
syenite.  The  form  most  abundantly  represented  is  a  medium-  to 
coarse-grained  crystalline  rock,  composed  of  felspar,  nepheline,  and 
hornblende  in  varying  quantities,  with  grains  of  magnetite  and 
some  crystals  of  sphene.  The  colour  generally  varies  from  pale  grey 
to  dark  grey,  becoming  nearly  black  in  places  when  the  hornblende 
greatly  preponderates.  In  such  black  varieties  sphene  is  par- 
ticularly abundant  The  crystals  of  the  component  minerals  are 
occasionally  nearly  an  inch  in  length,  while  in  rare  instances  they 
become  almost  oryptocrystalline.  Other  specimens  derived  from 
the  same  occurrence,  but  found  as  boulders  in  the  bed  of  the 
torrent,  have  a  banded  and  almost  gneissic  aspect,  and  under  the 
microscope  prove  to  contain  numerous  grains  of  quartz.^  .... 
As  far  as  I  was  able  to  determine,  the  mass  appears  to  have  been 
much  disturbed,  and  as  it  were  kneaded  together  while  in  a  plastic 
or  semi- plastic  state.  Portions  of  it  have  become  brecciated  and  are 
recemented  by  similar  material,  differing  only  in  texture  or  colonr. 
Veins  and  crevices,  which  have  evidently  been  filled  by  segpregative 
action,  also  occur,  and  in  these  minerals  similar  to  the  main  mass 
are  developed ;  but  with  them,  in  considerable  abundance,  sodalite 
of  a  beautiful  ultramarine-blue  colour  is  found.  In  the  same 
veins  crystals  of  ilmenite  were  observed."  After  referring  to 
Dr.  Harrington's  analysis  of  the  sodalite  (given  below)  he  con- 
tinues :  ''  It  much  resembles  lapis  lazuli  in  appearance  and  would 
have  considerable  value  as  an  ornamental  stone.  It  is  not  confined 
to  a  single  part  of  the  intrusive  mass,  as  it  was  found  to  occur  in 
fragments  brought  down  from  the  mountains  further  south  in  the 
bed  of  the  Beaver  Foot'* 

Mr.  Whymper  informs  me  that  the  Ice  River  Valley  lies  in  the 
mountain  mass  to  the  south  of  the  Canada  Pacific  Railway,  where 
it  descends  in  a  south-western  direction  from  the  summit  of  Heotor 
Pass  to  a  place  called  Leanchoil.  About  three  miles  south  of  this 
the  Kicking  Horse  River  is  joined  by  the  Beaver-foot  River,  coming 
from  the  south-oast,  into  which  the  Ice  River  has  already  emptied 
itself;    this  also  follows  a  general  south-west  course,  thus  rising 

*  This  mineral,  as  it  happens,  does  not  occur  in  the  specimens  which  I  bsTe 
eifinaned. 
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in  the  neighboarhood  of  the  watershed  of  the  Rockies.     On  its  left 

bttok   the  moautains    (nepheline-syenite)   form   fine  craggy  peaks 

and  A  rooky  cirque  around  its  head.     Their  lower  slopes  are  buried 

binder  debris,  though   here  and  there  furrowed   deeply  by  glens 

descending  from  the  gaps  between  the  peaks.      In  one  of  these, 

<x>ming  into  the  lower  part  of  Ice  River  Valley,  Mr.  Whymper 

dteooTered  the  sodalite  rock  in  situ  at  the  foot  of  a  little  crag, 

though  even  here  it  did  not  outcrop  at  the  surface,  but  had  to  be 

exposed  by  digging  away  the  debris,  which  prevented  him  from 

stodying  its  relations  with  the  nepheline-syenite.     He   also  found 

loose  pieoes  of  the  sodalite  rock  all  the  way  to  the  head  of  Ice 

Biver  Valley  and  in  the  principal  lateral  glens;  so  it  must  occur 

among  the  crags,  no  doubt  in  a  vein-like  fashion,  in  not  a  few 

places. 

He  brought  away  numerous  specimens,  though  many  of  them 
were  small  in  size.  These  are  generally  coarse-grained,  sodalite  and 
felspar  being  the  dominant  minerals.  They  also  contain  a  little  of 
a  dull  darkish-green  mineral,  an  occasional  small  flake  of  brown 
mica,  and  a  grain  of  pyrite.  Nepheline  may  be  among  the  felspar, 
bat  of  that,  so  far  as  megascopic  examination  goes,  I  am  doubtful. 
The  sodalite  is  a  rich  blue,  deeper  in  tint  than  ultramarine, 
oooasionally  almost  a  '  royal  blue.'  *  The  felspar  is  more  or  less 
cream-coloured.  The  structure  of  the  rock  is  variable.  Sometimes 
the  sodalite  is  associated  with  the  felspar,  much  as  that  mineral 
is  with  the  quartz  in  a  fairly  coarse,  almost  binary  granite. 
Sometimes  the  two  are  less  uniformly  distributed,  so  that  the  rock 
has  a  coarsely  mottled  look,  and  sometimes  sodalite  practically  pure 
i8  streaked  or  veined  by  almost  pure  felspar,  or  vice  versd ;  the 
latter  perhaps  forming  the  more  regular  bands,  which  may  be 
nearly  an  inch  in  breadth.  But  in  a  sinjjjle  fra<^ment,  a  dozen 
square  inches  or  so  in  area,  the  one  type  of  rook  may  be  seen  to 
pass  insensibly  into  the  other.  The  specimens  have  led  me  to  the 
conclusion  that  the  rock  originally  cooHisted  of  a  very  irregular, 
often  streaky  mixture  (such  as  may  be  seen  in  some  'pegmatite' 
veins)  of  felspar  and  sodalite  or  another  mineral  now  represented 
by  it,  and  that,  though  it  shows  some  signs  of  fracture,  it  is  not 
abrecoiated  mass  of  felspar  cemented  by  sodalite. 

Sodalite  of  a  rich  blue  colour  occurs  associated  with  felspar  at 
Dungannon  and  Faraday,  in  Hastinj^s  Co.,  Ontario.  According  to 
the  description  of  Professors  F.  D.  Adams  and  B.  J.  Harrington,*  the 
country  rock  is  a  nepheline-syenite,  which  occasionally  is  extra- 
ordinarily coarse,  for  the  crystals  of  nepheline^  are  said  to  be 
^metimes  over  two  feet  long,  and  the  felspars  of  corresponding  size, 
the  latter,  according  to  Professor  Adams,  being  all  plagioclase.    The 

'  Mr.  Whymper  found  a  lew  Hpecimens  where  the  mineral  was  a  pale  blue. 

'  Amer.  Joum.  Sci.,  vol.  xlviii  (1894),  pp.  10  and  16  ;  see  also  vol.  xlix  (1896), 
p.  465. 

'ProfeMor  Harrington  thinks  the  term  elseolite  needless,  for  no  line  can  bo  drawn 
^^een  the  specimens  with  the  more  oily  and  the  more  glaswv  lustre.  So  far  aa 
*  ^»Te  bad  the  opportunity  of  judeiner.  the  distinction  can  hardly  \>o  mamtsiaii^. 
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flodalite,  of  whioh  Professor  Harrington  i^ves  an  analysis,  ooonrs  in 
streaks  and  irregular  masses  in  the  nepheline-syenite,  the  largest  msii 
measuring  about  10  x  10  X  4  inches.  These  are  traversed  by  a  few 
little  veins  of  a  white  and  reddish  felspar,  whioh  on  analysis  is  found 
to  contain  K,  O  «  1208  and  Na,  O  =  3*67,  and  thus  to  be  a  soda- 
orthoclase.  Small  scales  of  dark-brown  to  black  mica  occur  in  the 
Bodalite.  The  constituents  of  the  nepheline-syenite  are  plagiodase, 
nepheline,  and  either  brown  mica  or  dark -green  hornblende ;  scapo- 
lite  and  calcite  are  accessories,  seldom  absent  but  never  abundant, 
also  sodalite,  garnet,  zircon,  apatite,  magnetite,  and  pyrite.  Nephelioe 
is  the  most  abundant  constituent ;  the  plagioclase  is  albite,  but  with 
a  small  proportion  of  lime ;  the  hornblende  (probably  rich  in  soda) 
shows  fairly  good  crystalline  outlines  and  characteristic  cleavage; 
the  calcite  occurs  like  an  original  constituent,  which  is  possible,  as 
the  rock  is  intrusive  in  limestone. 

The  specimen  from  Hastings  in  the  British  Museum  is  very  like 
those  brought  by  Mr.  Whymper  from  the  Ice  River.  A  similar  rook 
is  found  in  boulders  at  Coburg  on  the  north  shore  of  Ontario.  The 
same  collection  contains  blue  sodalite  in  a  generally  similar  rook 
(with  a  vein  of  yellowish  cancrinite)  from  Litchfield,  Canada,  as 
well  as  in  tlie  familiar  Ditroite  of  Ditro  (Transylvania)  and  Miascite 
from  Miatik  in  the  Ilmen  Mountains,^  at  Thorstrand,  near  Laurvig, 
and  at  Brevig,  Norway,  both  of  whioh  have  some  resemblance  to  the 
Ice  Biver  specimen.  The  interesting  variety  from  Lake  Baikal' 
is  massive,  granular,  and  a  rich  dark-blue  colour.  A  blue  sodalite  ii^ 
found  less  abundantly  in  a  rather  compact  brownish-grey  rock  at  the 
Montreal  Beservoir  and  at  Heidelberg  near  the  same  city.  Here  it 
occurs  in  spots,  which  are  often  bordered  by  a  white  variety,  and 
suggest  filled  up  cavities.  Tlie  mass  of  the  rock  is  rather  decomposed, 
but  felspar  and  nepheline  with  the  general  structure  of  a  phonolite 
can  be  recognized.     Probably  it  would  now  be  called  a  Tinguaite.*' 

Examination  of  slices  cut  from  the  Ice  Biver  Valley  specimens 
shows  tlie  felspar  to  be  imperfectly  idiomorphic,  with  a  slightly 
'dusty*  aspect,  due  to  incipient  decomposition.  Most  of  it  with 
crossed  nicols  exhibits  a  composite  structure,  with  a  minute  aoicular 
intergrowth  or  a  colour  mottling,  the  remainder  having  the  twinning 
of  plagioclase,  though  even  here  the  components  are  rather  more 
spicular  in  form  and  less  sharply  defined  at  the  edges  than  is 
usual.^  They  evidently  represent  the  peculiar  group — perthite, 
soda-orthoclase,  anorthoclase,  and  other  plagioclases — so  commoo 
in  rocks  exceptionally  rich  in  soda,  such,  for  instance,  as  are  figured 
by  Fouque  &  Levy  ^  in  the  well-known  rocks  from  Miask  and  Ditra 
and  the  elaeolite-syenite  from  Brevig,  except  that  I  have  not  met 

*  As  these  rocks  arc  practically  identical,  one  of  the  names  should  be  dropped. 

-  Described  by  Briigger  and  Backstrom  :  Zeitsch.  Kryst.,  vol.  xviii  (1890;,  p.  222. 

^  For  sodalite  rocl^  in  general  see  Rosenbusch,  **  Elemente  dcr  Gesteinlehre." 
1898,  pp.  115,  131.  A  most  lucid  description  of  the  mineral  sodalite  is  giren  bj 
Fouque  &  I^evy,  Mineral.  Micrograph.,  187y,  pp.  447-460. 

*  The  extinction  angles,  measured  from  the  composition  odge,  are  rather  small. 

*  Mineralogie  Micrographique,  pi.  xlv,  figs.  1  and  2. 
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with  BQcb  a  definite  microcline  as  is  represented  in  a  slice  from  the 
Hungarian  locality. 

The  Bodalite  occurs  in  irregular  patches,  sometimes  of  considerable 
nse,'  and  in  veins,  these  being  sometimes  very  minute.  It  is 
generally  water-dear  and  in  very  good  condition,  though  occasionally 
it  has  a  slightly  dusty  look  or  is  traversed  by  a  line  of  filmy 
miorolitbs,  giving  bright  tints  with  crossed  nicols,  probably  due  to 
incipient  decomposition  along  minute  cracks.  In  some  parts  the 
Bodalite  is  a  mass  of  small,  tolerably  well-formed  hexagons  (sections 
of  dodecahedral  crystals),  ranging  about  -003''  in  diameter ;  in  others 
they  may  be  even  -2"  or  *3''  broad,  but  their  outline  then  is  less 
distinct ;  the  first  occasionally  forming  a  kind  of  '  strait '  in  the 
second  or  filling  little  cracks  in  the  felspars. 

Pyroxene  is  represented  by  small  patches,  generally  few  in 
nomber,  of  a  dull  green,  often  muddy  in  aspect,  tending,  at  any 
rate  towards  the  ends,  to  become  acicular  or  to  form  groups  of  little 
pandlel  prisms,  an  acicular  microlith  occasionally  occurring ;  the 
elearer  specimens  show  a  faint  pleochroism,  the  extinction  angles 
are  rather  small,  and  the  mineral  is  a  rather  light  green  by  reflected 
light,  so  it  is  probably  a  soda-homblende.  It  almost  always  occurs 
in  association  with  the  felspars.  The  specific  gravity  of  a  specimen 
with  a  little  more  pyroxene  than  usual  is  2*58. 

Zircon :  two  or  three  very  minute  enclosures  may  be  this  mineral. 
The  occurrence  of  nepheline  is  doubtful,  so  is  apatite,  and  iron-oxide 
18  not  present  in  the  slices  which  I  have  examined. 

Besides  these  specimens  of  socialite  syenite  Mr.  AVhyuiper  brought 
some  fragments  from  other  boulders  in  the  Ice  Hiver  Valley.  One  of 
these  is  a  rather  compact  rock  of  a  grey  colour  with  a  slight  tinge  of 
green,  in  which  are  scattered  occasional  elongated  crystalH  of  felspar. 
nearly  *3''  in  length,  and  (more  abundantly)  similarly  shaped  dark 
hornblendes,  the  largest  being  about  as  long ;  both  minerals,  but 
especially  the  latter,  lying  more  or  less  in  parallel  order.  Under  the 
microscope  the  rock  is  found  to  contain  the  following  minerals : — 
(1)  Felspars,  in  fair  preservation  ;  some  apparently  iiliomorphic, 
others  irregular  in  outline,  the  majority  ranging  from  •!"  to  '2"  in 
longer  diameter,  but  occasionally  about  half-a-dozen  granules  less 
than  *01"  are  associated  between  the  larger  grains ;  these  mostly 
exhibit  the  peculiar  mottled  perthitic  structure  common  in  felspar- 
elseolite  rocks,  with  a  little  plagioclase.  (2)  Nepheline,  in  character- 
istic and  good  preservation  ;  sometimes  iu  rather  imperfect  prisms, 
sometimes  interstitial  between  the  felspars,  from  which  I  conclude 
that  the  two  minerals  crystallized  almost  simultaneously.  (3) 
Hornblende :  the  megascopic  crystals  already  mentioned  exhibit 
s  moderately  perfect  crystalline  outline,  but  are  a  little  ragged  at 
snds  and  edges;  besides  this  they  are  locally  fringed  with  inde- 
pendent granules  of  the  same  mineral.  Both  are  pleochroic,  the 
former  changing  from  a  rich  brown  to  a  very  dark  tint  of  the 
nme,  which  towards  the  outside  is  occasionally  tinged  with  green ; 

*  1  hate  a  slice,  practically  all  sodaJit^,  about  1  inch  long  andraUA^T  \e»a  viv\)i««i^VXk. 
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the  latter  sometimes  showing  only  a  change  in  a  green  tint,  but 
occasionally  passing  from  a  fairly  strong  green  to  deep  brom. 
I  have  not  found  an  extinction  angle  exceeding  12^.  The  larger 
crystals  include  sphene.  and  onoe  or  twice  a  small  grain  of  felaptr. 
(4)  Sodalite,  not  abundant  or  bine ;  in  little  interstitial  patdMi 
of  granules.  (5)  Sphene,  rather  abundant ;  obvioDsly  the  fifit 
mineral  to  consolidate,  for  it  is  idiomorphio,  and  is  included  by  or 
penetrates  the  hornblende,  llie  specific  gravity  of  this  specimen  ii 
also  2-58. 

Two  small  fragments  ''from  boulders'*  are  varieties  (not  quite 
so  well  preserved)  of  a  similar  rock,  but  are  more  gneissio  in 
structure  and  contain,  e8[)ecially  one  of  them,  rather  more  dark 
pyroxene.  Examination  of  thin  slices  shows  three  forms  of  Um 
mineral :  a  Hlightlv  pleochroio  (green  to  pale  brown)  angite,  probably 
legirino,  a  brown  hornblende,  and  a  green  one  (both  as  described 
above).  The  third  seems  formed  from  the  second,  but  in  one  case 
also  from  a  piice-brown  augite  (?  titaniferous).  A  more  nomil 
orthoclase  is  common  among  the  felspars,  but  mioroperthite  and 
plagioclase  are  found.  Nepheline  is  much  less  abundant  than  in  the 
last  specimen,  but  certainly  occurs.  There  is  a  little  sodalite,  onee 
or  twice  seeming  to  fill  a  crack,  a  grain  or  two  of  iron-oxide,  some 
apatite,  and  a  fair  amount  of  sphene,  these  two  being  the  first  to  fonn. 

The  fourth  specimen  has  a  dark-green  groundmass,  slightly  mottled 
with  a  paler  tint  (which  becomes  yellowish- white  on  a  weathered 
surface).  In  this  are  scattered  grains,  a  little  more  than  -3"  in 
diameter,  of  a  brownish  -  black  pyroxene,  with  slight  traces  of 
a  lustre  -  mottling.  A  slice  proves  the  constituent  minerals  to  be 
(1)  a  pleochroic  angite,  clianging  from  a  pale  brownish -yellow  to 
puce  brown  (probably  a  titaniferous  variety),  showing  loosllj 
a  diallagic  habit  by  small  dark  parallel  lines  or  rods,  which  when 
highly  magnified  appear  a  deep  brown  colour;  a  second  set,  making 
a  large  angle  with  these,  being  sometimes  visible.  (2)  A  green 
pyroxene  in  fair-sized  grains,  which,  however,  show  a  mottled  or 
(K)mposite  structure,  probably  a  further  stage  of  change.  (3)  A 
strongly  pleochroio  hornblende,  changing  from  warm  brown  to  deep 
brown.  The  relation  of  these  pyroxenes  is  not  easily  determined. 
iSoroetimea  a  small  grain  of  the  augite  seems  to  be  included  in  the 
hornblende,  sometimes  the  two  lie  side  by  side  with  a  sharp  line  of 
demarcation,  the  crystals  in  each  case  having  different  orientations; 
but  sometimes  films  or  spots  of  the  brown  hornblende  are  connected 
either  with  angite  of  similar  colour  or  with  the  green  aggregate,  as 
if  formed  from  them.  Tlie  brown  augite  is  occasionally  composite 
in  structure,  so  1  incline  to  regard  these  as  a  series  of  changes  of 
whicli  the  brown  hornblende  is  the  last.  (4)  Iron-oxide  :  generallj 
associated  with  the  pyroxene,  and  later  in  consolidation,  often  en- 
closed in  a  very  narrow,  clear,  composite  border.  (5)  Apatite:  very 
characteristic  and  rather  abundant,  generally  containing  some  dasty 
material.  (6)  Nepheline,  in  irregular  grains,  acting  as  a  sort  of 
matrix  to  the  pyroxene,  containing  sometimes  minute  colourless 
needles,  and  not  seldom  films  similar  to  those  already  mentioned  i^ 
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osQiieotion  with  sodalite.  (7)  Felspar  :  doubtfully  present,  but 
aaj  be  represented  by  one  small  grain  at  the  edge  of  the  slice. 
(8)  Sodalite :  a  little,  very  local  in  occurrence.  It  contains  a  few 
oalourleBS  belonites,  and  is  associated  with  elasolite  in  a  way  strongly 
nggesUve  of  a  partial  replacement  uf  that  mineral.  (9)  Sphene : 
tiro  or  three  fair*sized  grains,  including  apatite,  and  in  one  case 
pierced  by  a  brown  augite,  may  be  either  this  mineral  or  (possibly) 
aother  variety  of  augite.  Thus  the  rock,  which  has  a  specific 
grnvity  of  3*12,  is  more  nearly  related  to  the  nepheline-dolerites 
than  to  the  nepheline-syenites. 

These  specimens,  especially  the  former,  Mr.  Whyraper  tells  me 
say  be  taken  to  represent  the  country  rock  in  which  the  masses 
lioh  in  sodalite  occur. 

He  also  brought  a  flake-like  specimen  of  fibrous  actinolite  and 
%  fragment  consisting  of  bits  of  a  pale  dull  green  ohloritic  or 
lioniblendio  rock,  cemented  with  quartz,  obviously  from  a  vein. 

One  more  specimen,  though  interesting  in  itself,  has  no  direct 
bearing  on  the  present  investigation.  It  is  a  darkish  grey  rock  of 
alightly  foliated  aspect,  which  on  microscopic  examination  proves  to 
oonsist  of  granular  calcite  and  rather  elongated  prisms  of  tremolite 
(occasionally  also  in  needles).  Dusky  patches  of  blackish  granules 
occur  in  both  minerals,  but  especially  in  the  former,  and  very  minute, 
nther  filmy  microliths  are  included  in  the  latter.  I  do  not  remember 
to  have  seen  a  rock  quite  of  this  type  before,  but  tliink  it  may  be 
a  result  of  contact-nietamorpbism. 

What,  then,  is  the  history  of  the  sodalite  in  the  Ice  River  Valley 
rock  ?  Is  it  an  original  constituent  or  of  secondary  origin  ?  Some- 
times it  occurs  in  interstitial  patches  among  the  other  minerals  : 
sometimes  it  fills  up  cracks  in  the  felspars.  The  firut  suggests  an 
(mginal  constituent ;  the  second  must  have  formed  after  consolidation 
in  fissures  due  to  strain.  But  even  in  the  former,  sodalite  may  have 
replaced  some  other  mineral,  and  in  the  latter  obtained  materials 
from  it.  Professor  Harrington's  analysis  of  the  Ice  River  sodalite 
(rearranged  by  Dana  in  "  System  of  Mineralogy,"  1900)  shows  it  to 
be  remarkably  pure : — 

Si  Go        AljOa       NoaO        K.  0  CI 

37-66         31*82         26-66         0-27         7-12         =  102-26 

Typical  analyses  (see  Dana)  of  this  and  two  related  minerals  are : 

SiOj    AloO;,  NU3O    K.^0      CI      Total. 

Sodalite        37-2      316      25-6        —      73       1017 

Nephelinc     440       33-2       161       77        —       100 

Albite 68-7       19-5       11-8        —        —       100 

If,  for  purposes  of  comparison,  we  reduce  the  Al^O,  (as  the  most 
stable  constituent)  to  unity,  we  have : — 

SiOo  AI0O3  NaoO  KoO 

Sodalite 1-17  \  -80  — 

Nepheline           1-32  1  '45  -23 

Albite       3-62  I  -60  — 

^us,  in  forming    sodalite    like   that    of    the  Ice  livv^t  itoixv 
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n€ph«Iine.-  a  certain  amovm:  of  pocassh  and  of  silica  nut  be  remoTed, 
and  'oo  of  9<>«ift  aii<i«ii  with  ?h«  diL^rtne.  an  operation  not  difficalt  for 
he&ted  wicer  wicfa.  a  farr  amoonc  of  90«iiain  cbloride  in  aolotion.  T\> 
■  btain  it  from  tlbite.  oalj  -'2}}  of  so«}a  woald  hare  to  be  added  with  the 
chlorine,  bac  2-^5  of  silica,  a  rather  larze  amount,  must  be  remoTei 
In  the  caae  of  the  Ice  BxT^r  rock  i  and  not  in  this  alone)  I  believe 
the  I.&r^r  p-irohes  of  «>?i!i:e  to  hare  mainlj  replaced  nepheline. 
Ac  the  <«a3ie  rime  I  think  ic  has.  to  some  extent,  also  replaced 
4  90*ia-fel«par :  smill  irre-zTxlirlT  ontline*!  bits  of  the  latter,  with 
a  rather  -resilaAl*  aspect,  are  enclosed  in  the  sodalite,  espeoitllj 
near  to  its  •'^atside  :  the  eifz^  of  the  tVlspar  also,  where  the  two  tie 
in  contact,  seems  to  be  a  lirtle  corroded.*  It  is  also  evident,  frofli 
its  oocnrrence  in  the  mi  cute  cncks.  that  some  of  the  sodalite, 
e^peciillj  th^t  in  the  smill  d  idecahedra.  has  been  deposited  from 
a  state  of  <4>Iution.  So  I  beliere  the  sodalite  to  be  a  mineral  of 
«eco!i>lirT  origin  in  the  priceipal  cases  mentioned  in  this  paper, 
withont.  however,  •li'sp'itiag  that  in  some  others  it  may  be  an  original 
constitnent. 

III.— Notes  05  thk  Geology  of  Pbbix  Islahd.' 

By  CxTaTMxsM  A.  Reiser,  D.Sc. 

[AM  indebted  to  Mr.  J.  A.  Rapert  Jones  (Lieut.  B.N.B.),  nowtt 
Aden,  for  a  series  of  rock  specimens  collected  and  sent  from 
Perim  Island,  accompanied  by  notes  and  diagrams.  From  all  theie 
I  have  drawn  up  a  short  preliminary  account,  since  they  illastrate 
*iome  points  of  interest,  and  no  complete  description  of  the  geology 
of  the  island,  as  far  as  I  know,  has  been  pablished. 

I.     GeXEBAL   DESCBIFnON. 

Perim  is  a  rocky  barren  island  about  3  miles  in  length  at  the 
entrance  to  the  Red  Sea,  bounded  on  the  east  by  the  "  small  strait," 
1^  miles  broad,  and  on  the  west  by  the  *'  larger  strait,"  9  to  10  milee 
across.  It  is  roughly  of  a  horse-shoe  shape,  surrounding  a  harboar 
opening  to  the  south.  Low  plains  below  the  12  feet  contourdine, 
evidently  raised  beaches.,  form  much  of  the  island  (perhaps  one- 
half  or  more),  extending  inland,  especially  at  the  north.  The 
neighbouring  sea  is  shallow,  the  o  fathom  contour-line  bending  into 
the  harbour,  the  10  fathom  line  extending  outside  the  harbour  to  the 
south  and  around  a  large  submarine  plateau  to  the  north.  A  narrow 
depression  begins  in  the  broader  strait,  and,  after  an  interval, 
recommences  further  north  and  extends  almost  the  whole  length  of 
the  Red  Sea,  sometimes  over  1,000  fathoms  deep* — the  whole 
resembling  a  submerged  valley  with  abrupt  sides. 

'  Foiiqiie  &  Ix*vy  (loc.  cit.)  remark  that  the  (hemical  formula  of  sodalite  (allowiag 
for  the  chlorine)  is  identical  with  that  of  nepheline.  They  and  Rosenbnsch  (loc.  cit.} 
allow  that  it  may  be  a  Becondary  mineral. 

^  Morozewiox  made  Hodalitc  artificially  by  fosing  kaolin  or  nepheline  with  sodi 
and  »ixcfcfl«  of  sodium  chloride  ;  see  Joum.  Ch'em.  Soc,  vol.  IxiTi,  ptl  2  (1899),  p.  7W. 

3  An  abstract  of  thi»  paper  was  read  at  the  Britiflh  Association  Meeting,  Olaflgow, 
1001. 

'  The  ahoTc  depths  are  taken  from  the  Admiralty  Chart. 
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The  islands  in  the  Bed  Sea  and  the  hills  beyond  the  low  ooast 
plains  are  sometimes  of  sedimentary  strata  (e.g.  Nubian  Sandstone), 
•Mnetimes  of  volcanio  rook  (as  in  Eetnmbal,  Jebel  Teir).  Other 
hills  are  of  Arohsoan  gneiss,  while  many  islands  are  ooral  reefs  or 
formed  of  coral,  and  calcareous  sediment  must  be  often  deposited.' 

Above  the  12  feet  contour-line,  the  island  of  Perim  is  hilly,  rising 
to  249  feet  at  the  highest  point  The  foundation  rocks  of  the  island 
are  exposed  in  cliffs  and  quarries,  and  all  the  specimens  sent  are 
Tolcanic.  The  surface  of  the  island,  to  a  depth  generally  of  about 
7  feet,  consists  of  irregular  blocks,  sometimes  as  much  as  4  feet  in 
diameter,  imbedded  usually  in  whitish  calcareous  sand  or  mud,  and 
oonJ  is  common  in  the  adjacent  sea.'  As  described  by  Mr.  Rupert 
J(mes,  the  surface  of  the  island  has  only  to  be  rolled  down  when 
damp  (the  big  blocks  being  removed)  to  set  into  a  hard,  smooth 
cycle  track. 

II.   Petrologioal. 

1.  Bocks  in  sitH :   (1)  Basalts, — Two  specimens  from  the  cliff  to 

north-east  of  Balfe  Point,  west  of  the  island,  were  taken  from  two 

Unds  each  about  12  feet  thick.     The  rock  is  compact,  dull  brown, 

mottled  with  paler  brown,  splitting  with  a  slabby  or  platy  structure, 

which  is  more  marked  in  the  upper  band.  Tlie  lath-shaped  microliths 

of  plagioclase  felspar  exhibit  a  definite  orientation,  and  are  imbedded 

in  a  small  amount  of  glassy  base,  with  black  granules  and  grains  of 

iron  oxide,  small  crystals  of  pyroxene,   and  a  few   rather   larger 

crystals  (usually  pyroxene  or  felspar).     Thus  it  is  a  not  very  basic 

magma  basalt,  approaching  an  andesite,  and  is  probably  a  lava-flow. 

In  several  of  the  Perim  rooks   two  apparently  ferro-magnesian 

minerals  are  found.     One  is  augite,  very  pale  greenish  with  low 

polarization  tints ;  the  other  is  in   well-formed  crystals,  partly  or 

wholly  a  reddish  brown.    The  central  part  of  these,  when  it  is  clear, 

shows  rich  polarization  colours,  has  no  cleavage,  is  rather  granular, 

and  sometimes  contains  enclosures.     The  mineral  resembles  olivine, 

bat  it  might  be  a  second  pyroxenic  constituent,  and  gradations  from 

ondoubted  augite  sometimes  occur.     In  a  few  slides  it  constitutes 

ioicroporphyritic  crystals,  but  such  crystals  (few  and  small)  more 

^nerally  consist  of  felspar. 

Another  rock  (from  a  cliff  north-east  of  the  harbour)  is  dull 
purplish  red,  mostly  compact,  rather  coarser-grained  than  the  last 
described,  and  without  fluxional  orientation.  It  contains  one  group 
of  larger  crystals,  consistiog  of  felspar  (with  glassy  inclusions  along 
crystal  planes)  and  of  augite. 

(2)  Volcanic  Tuffs, — In  a  quarry  east  of  Balfe  Point  (Fig.  1), 
^me  25  feet  deep,  the  basement  rock,  a  layer  about  1  foot  thick,  is 
whitish,  mostly  fine-grained,  but  with  occasional  fragments  up  to 
^inch  in  diameter,  weathers  to  a  crumbling  mass,  but  probably 
would   set  into  a   hard   stone.     Crystalline   caloite,  sometimes   in 

^  At  one  spot,  in  the  north  of  the  Red  Sea,  a  recent  accumulation  of  oolitic  grains 
*«« described  by  J.  Walther,  **  Die  Korallenriffe  dor  Sinaihnlhinsol/'  Iftft^. 
'  Marked  on  the  Admiralty  Chart. 
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(Iffflikitu  rlioiiiboheilrii,  ceraents  the  grnins  and  filU  the 
Tlin  iiiHlerial  is  chiefly  pumioe,  but  same  fragmeDta  »re  a  glut 
bnMllt  Bnikeii  arysttls  also  ooonr  of  felspar,  oftaD  plagioclaaB,  ef 
Kivon  liiirnhlond^,  mu)  brown-Btained  augito  or  olivine.  One  or  t«» 
fniKmonIa  exhibit  perlitia  craoks.  nnd  cue,  partly  devitriGed,  bat « 
nulialing  ntniature.  Above  this  tuff  ooours  a  fine  material  deaoribBJ 
M  '  iMiiij.'  looMer  abiive,  becoming  harder  below,  but  the  oharaoter  of 
Ml  irnU-ddcd  nodule  snggeats  that  the  deposit  is  a  fine  voloanio  dniL 


-^.■-v1i_--Wt'j 


I'll 


*»*%  of  B«ltt'  Poi 


V.  Illi>rk>  ■>)  lam.  ■li'w-riivil  at  inil<-ililt  il  in  riKirM-  csU-arcoiM  Mitd. 

H.   Vine  mull-rial  n-^miUlini;  -luitul.'  I'lintniii"  (siwrrtimian-  felntir  midnlea,  lod  i> 

mvliaMi  II  finr  irui'hMii'  j«li. 
C.  WUit.- i'"«i'<  w"  W- 

'V\w  lu'diili'  is  it-u^lily  oyliniUiiMil.  liarJ.  pale  brownitb.  and  oonaiita 
iif  Itdmlio  I'l-nifnu'niH  nu>st1y  sub-rolund,  with  a  few  angular  chipt 
vA  miiioiaU  liki>  tlii^si'  iu  lb<>  underlying  tuff.  The  pieces  are 
on'wdod  t'li>ii>>  top'llioi-,  ivinenltil  by  an  isolnipic  substance  which  i» 
mainniilt.tli'd  iu  tV>rni.  itiid  in  (lit>  brt>ader  spawa  passes  to  chaloedony; 
it  i*  doiibttt>84  o|V)1iii<>  silii-A.  Thus  orijnually  fragments  of  the 
viM'id  Uva  nci^'  iIi)\>\mi  down  whioh  solidified  in  cryptocrystalliite 
iviulitiou.  si'im-iiiui's  a*  .■»  mew  rim  amnnd  »  broken  crystal;  and 
n  df|'i'»it  \-i  nilii'.i  i-i'Hu-ntf.l  :!-.o  frajrm^ntf. 

■J.  Sht''.i.-.'    fJ.'.'.'l*.     J^pciii-.t'i:*  of  these  have   been  taken  loose 
fi\>iit  iiiiiii>   loivditit's.  :tn.!  o^l-.ers  !'iv<iu  the  tiro  seotions  exfuntaed 
,>f  ilio  ts'.AV..?      Ill  ihe  iWiion  to  north-eaat  of  Balfe 
^1;$  veins  .lu.i  ^-i\k-ks,  :>w  and  sparse  in  the  lava  beds 
11);  iil>»r.,iani  above,  while  the  sorfioe 
.vv.»i»:s  A  Wocks  imbedded  in  fioe 
>.!'  aie  ni.vtly  a  t*d  or  dark  brown. 
.-tie  is  ■.VRi[K<«eil  of  fragments  and  '» 
Vwi*  l'l.vs»  siicvd  for  the  micnaoop*     i 


I  oaK-il 


^r 


altva.l> 

df<l>t^ll 

.•s,ni;-,\;.  1-.:: 
.-  »  .:ev:V   -'i 

i\>(>y.  »\ 

Il:tiVOi'.s    t^AsA 

jm'lwWy 
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•ImoBt  identical  with  the  lavas  below,  except  that  they  are  more 
ionlar.  In  the  quarry  above  the  pumioeous  tuff  (Fig.  1)  one 
ok  from  the  surface  deposit  is  a  very  similar  blackish  basalt  full  of 
nded  vesicles.  Not  far  from  this  spot  were  two  loose  specimens, 
ipy  sooriaoeous  basalt,  and  a  bright  red  fine-grained  tuff  containing 
\  streaks  of  black  glass  with  small  spherulites.  The  latter 
k  consists  of  microscopic  yellow-rimmed  pieces  of  brown  glass, 
lately  vesicular,  or  partly  devitrified,  even  slightly  spherulitic, 
:b  broken  crystals  of  green  augite  and  of  felspar. 
)ther  surface  blocks  from  north  of  the  harbour  and  east  of  the 
md  are  basalts  or  allied  rocks,  (a)  One  block  (projecting  from 
oral  or  limestone  conglomerate)  has,  especially  on  a  weathered 
face,  the  granular  appearance  of  a  rock  with  incipient  spherulites. 
e  microscope  slice,  however,  is  uniform,  except  for  small  slightly 
ler  patches.^  It  consists  of  abundant  glass  containing  minute  fel- 
irs,  and  is  probably  a  rather  basic  andesite.  (6)  Two  blocks  from 
iher  north  contain  a  few  vesicles,  are  almost  a  miorocry stall ine 
ialt  with  very  little  glassy  base,  both  semi-ophitic.  (c)  A  block 
m  north  of  the  harbour  resembles  the  red  lava  from  the  adjacent 
S^  but  is  a  brighter  colour  and  more  vesicular.  Others  near  consist 
a  black  basalt  with  a  few  vesicles,  (d)  Various  blocks  further  east 
3  generally  blackish,  often  compact,  and  of  similar  character.' 
Thus  the  specimens  from  surface  blocks  are  almost  all  basaltic, 
:en  vesicular  and  scoriaceous.  They  show  at  each  locality 
^neral  resemblance  petrologically  to  lavas  occurring  there  in  «t<u, 
lere  specimens  of  these  have  been  obtained.  Moreover,  in  the  cliff 
3tion  north-east  of  Balfe  Point,  we  seem  able  to  trace  a  gradual 
struction  of  the  underlying  lavas  through  apparently  brecciated 
jrers  to  the  surface  deposit.  Thus  the  surface  blocks  found 
nerally  over  the  island  at  different  heights  are  probably  more  often 
integrated  lava^  than  ejected  fragments.  In  either  case  the 
X)ks  might  have  fallen  into  a  sea  where  coral  sand  was  accumulating, 
that  they  would  become  imbedded  in  calcareous  material.  The 
IT  plains  or  raised  beaches  along  the  coast  are  frequently  formed 
a  Becent  limestone  rich  in  large  corals,  Lamellibi-anchs,  etc.  I  am 
debted  to  Mr.  Coomara  Swamy  for  the  loan  of  specimens  from  this 
ck,  and  also  for  a  photograph  representing  the  slope  from  which 
ooks  of  basalt,  etc.,  might  fall,  to  become  imbedded  in  the  limestone 
rming  at  the  base.  Even  at  higher  levels,  the  calcareous  material 
ay  sometimes  represent  sediment,  often  coral  sand  or  mud,  deposited 
uriug  the  gradual  elevation  of  the  island.     The  sea  being  shallow, 

^  I  liave  tound  in  other  basalts  or  basic  undcsites  (as  in  one  from  Auvergue)  thit^ 

peanmce  of  incipient  spherulites,  which  are  not  distinguishable  on  microscopic 

ttdnation. 

'  Two  slicee  lent  me  by  Mr.  Coomara  Swamy,  taken  from  blocks  near  here,  arp 

m  Tery  similar  rock,  but  with  the  glassy  base  better  defined  and  without  the  brown 

loxene. 

*  The  diflinteg^tion  of  the  rocks  may  have  been  helped  by  a  rainfall  greater  in  itn 

loiuit  in  past  times  ;  and  Mr.  Jones  remarks  on  the  tanks  built  to  hold  wat«c^  TiiVK 

fading  empty. 
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its  waves  and  ourrente  might  exert  some  mechanical  foroe.^  Fint 
sediment  would  accumulate,  and  percolating  water  would  deposit 
carbonate  of  lime.  Secondary  silica  also  occurs  as  in  a  flattODed 
geode  (about  3  inches  long),  lined  with  bluish  mammillated  chalce- 
dony (resembling  beekite),  and  in  the  opaline  silica  cementing  the 
concretion  in  the  section  shown  in  Fig.  1. 

III.  Summary. 
This  district  belongs  to  the  extended  volcanic  area  associated  with 
the  line  of  the  Great  Hi  ft  Valley.  The  abrupt  descent  of  the  bed  in 
the  Red  Sea  to  a  central  channel  may  mark  a  part  of  that  long 
depression,  the  form  having  been  modified  by  later  river  action. 
The  rocks  of  Perim  probably  correspond  in  age  with  the  Aden 
basalts  (the  later  volcanic  period  so  named  by  Dr.  Blanford),  and 
they  were  doubtless  emitted  from  some  crater  to  the  west  of  that  at 
Aden.  This  ejected  the  material  forming  the  pumiceous  tuff  of 
Perim,  followed  by  the  more  abundant  basaltic  lavas.  Daring 
depression  and  subsequent  elevations  of  the  land,  the  sea  helped  to 
carve  out  the  straits  of  Babelmandeb  and  the  gullies  and  rifts  of  the 
island.  Coral  reefs  grew  in  the  surrounding  waters,  and  finally  the 
raised  beaches  were  formed,  which  record  in  Perim  an  uplift  of  at 
least  12  feet.  The  outline  and  depth  of  the  harbour  lend  no  support 
to  the  view  that  it  marks  an  ancient  crater,  and  the  lavas  and  ashy 
beds  which  form  the  cliffs  around  it  have  generally  a  roughly 
horizontal  direction.  The  indentation  north-west  of  the  harbour 
seems  the  end  or  continuation  of  a  valley  (containing  the  quarry  of 
Fig.  1),  extending  from  a  raised  beach  here  towards  the  raised 
beach  near  Balfe  Point.  Thus  the  present  form  of  the  land  is  mainly 
due  to  the  usual  forces  of  denudation  and  to  oscillations  of  level, 
acting  on  an  island  built  up  of  volcanic  masses,  within  a  shallow 
coral-bearing  sea. 

IV. — On  thb  Correlation   of  the   Palaozoio   Rooks  of 

South   Africa. 

By  Walcot  Oibson,  B.Sc,  F.G.S. 

[Continued from  the  April  Number^  p,  166.) 

THE  ancient  rocks  of  Prieska  are  extensively  developed  in 
Griqualand  West,  where  they  build  up  the  elevated  Campbell 
Band  plateau  and  the  lofty  ranges  of  the  Langebergen  Mountains 
situated  to  the  west  of  the  Orange  River  Colony.  The  order  of 
succession,  which  is  much  disguised  by  faulting  and  folding,  has  been 
described  in  great  detail  by  Mr.  G.  W.  Stow,*  whose  descriptions 
render  it  evident  that  the  rocks  of  these  regions  resemble  the  older 
strata  which  extend  over  such  vast  areas  in  the  Transvaal. 

Several  attempts  have  been  made  to  classify  the  ancient  rocks  of 
the  Transvaal,  the  results  being  nearly  as  numerous  as  the  observers- 
In   his   latest   classification  of  the  rocks  older  than  the  Beaufort 

^  One  example  is  described  where  the  boulders  appear  as  if  piled  by  the  ms« 
forming  a  kina  of  island  in  the  middle  of  the  Birkhua  Raised  Beach  to  the  norihof 
Perim. 

'  Q.J.G.S.,  Tol.  Axx  (1874),  pp.  5S1  680. 
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Beds,  Dr.  Molengraaff  arraoges  them  in  the  following  descending 
groDps: — 

Tablv  of  Strata  below  the  Beaupokt  Beds  of  the  Transvaal.' 

Kaeeoo   rEoeaStrief        ShaleB  and  diabases. 

Ststim.  ^  Dwyka  Conglomerate A  coarse  conglomerate  of  variable 

composition  and  of  glacial  origin. 
Great  Uneonformitj. 

Amygdaloid  Boeki  of  the  Boiehyeld  (age  doubtful). 

Waterberg  Sanditonei Sandstones,  breccias,  conglomerates, 

diabases. 
Plntonic  Seriei  of  the  Botehyeld        Porphyroids,  red  granites,  norites. 

Pretoria  Series Shales,  quartzites,  diabases. 

Dolomite  Series ...        Cherts  and  dolomites. 

Blaek  Seef  Series  Sandstones,  quartzites,  shales,  and 


Cape 
Ststbmu 


conglomerates. 


Chreat  Uneonfbrmity. 

PuMAEY  {  ^^7^^<>^^  Books        Diabases,  amygdaloidal  lavas,  por- 

SouTH      I  phyritoB. 

4«.«<. .» -I  Aneient  Granite  Series Grey  granite. 

V!^^    Barherton,  Hospital  Hill,  and 

""       \     l^twatersrand  Series          ...  Schists,  quartzites,  gold-bearing 

conglomerates  (Banket). 

This  table  embodies  the  resalts  obtained  by  Dr.  Molengraaff 
daring  several  excursions  undertaken  in  the  yeara  1898  and  1899 
with  the  object  of  a  future  systematic  study  of  the  region,  and  is 
bj  far  the  most  complete  of  any  yet  produced.  Dr.  Molengraaff*s 
classification  differs  from  nearly  all  others  by  including  the  Banket 
formation  in  the  Primary  South  African  System,'  instead  of  con- 
ndering  it  to  be  the  northern  equivalent  of  the  Table  Mountain 
Sandstone.  Dr.  Molengraaff  further  differs  from  many  observers 
in  regarding  the  granites  and  gneisses  cropping  out  between 
Johannesburg  and  Pretoria  and  round  Yredefort  as  intrusive  into  the 
Hospital  Hill  Series,  whereas  they  have  generally  been  considered 
to  belong  to  a  much  older  Archeean  massif  in  which  the  gold-bearing 
rocks  have  been  enfolded  by  earth  -  movements.  Which  view  is 
correct  can  only  be  satisfactorily  determined  by  systematic  mapping. 
In  the  meantime  it  is  of  more  service  to  draw  attention  to  the  results 
obtained  in  mining  and  especially  from  an  examination  of  the  aren 
immediately  round  Johannesburg,  of  which  considerable  information 
has  been  obtained  of  late  years. 

Soon  after  the  commencement  of  the  gold  industry  the  auriferouH 
rocks  were  believed  to  be  arranged  in  a  unicline,  comparable  with 
%n  English  coal-basin.  In  1892  it  was  shown,^  chiefly  from 
observations  from  surface  outcrops,  that  overthrusting  had  taken 
place  to  a  considerable  extent,  possibly  disguising  the  succession 
and  certainly  causing  much  repetition.  Since  then  the  progress  ot 
mining,  and  especially  the  development  of  *  Deep  Levels,'  has 
conclusively  proved  the  existence  of  several  overthrust  faults  of 
considerable  vertical  displacement,  resulting  in  the  duplication  at  the 

1  Dr.  6.  A.  F.  Molengraaff:  Bull.  Soc.  Geol.  France,  1901,  ser.  iv,  t.  1. 

2  See  also  W.  Gibson  :  Gbol.  Mao.,  Dec.  IV,  Vol.  IV  (1897),  v^.  H^-5?i^. 
'-  W.  Oilwon :  Q.  J;O.S.,  vol.  xlfiii  (1892),  pp.  404-437. 
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siirfaoe  of  some  of  the  reefs.  The  powerful  efifeots  of  these  over- 
thrnsts  have  heen  further  demoostrated  hy  the  presence  of  shearing 
on  the  edges  of  the  igneous  dykes  which  are  frequently  situated 
along  thrust  planes  ;  and  also  hy  the  conversion,  hy  dynamic  action, 
of  the  smaller  dykes  into  homhlendic  and  chloritic  schists.'  Minor 
movements  are  indicated  by  a  conglomerate  band  known  as  the  Main 
Reef  Leader,  being  so  firmly  attached  to  the  overlying  quartzite  that 
the  reef  is  described  as  *  frozen  '  into  it,  while  the  footwall  or  under- 
lay consists  of  a  band  of  soft  schist  accompanied  in  many  places  by 
a  vein  of  secondary  quartz.  These  phenomena  suggest  a  minor 
thrust  plane  coincident  with  the  footwall.  That  this  is  so  becomes 
more  apparent  in  the  Spes  Bona  Mine,  where  on  the  third  level  the 
conglomerate  band  known  as  the  Main  Reef  is  breooiated  and  is 
separated  from  the  Main  Reef  Leader  by  eight  feet  of  quartzite; 
while  on  the  fourth  level  the  two  reefs  are  separated  by  a  wedge-like 
mass,  40  feet  wide,  composed  of  a  rook  looking  like  a  hard  siliceous 
mudstone.'- 

Major  thrusts  have  not  been  definitely  proved  underground,  bat 
there  is  little  doubt  that  a  dislocation  of  tiiis  nature  separates  the 
Hospital  Hill  Series  from  the  Witwatersraud  (Banket)  Beds,  as  has 
been  frequently  described  and  figured  8ince  it-s  existence  was  pointed 
out  in  1892.  Another  major  thrust  of  great  intensity  is  indicated  by 
the  junction  of  the  Hospital  Hill  Series  with  tlie  granites  and  sohiito 
north  of  Johannesburg,  where  the  two  fonnations  are  so  altered 
by  dynamic  action  along  their  junction  that  all  trace  of  a  line 
of  demarcation  disappears  (Moleugraaff,  op.  oit.  p.  20).  The  dis- 
position of  the  quartzite  ridges  of  the  Hospital  Hill  Series  north  of 
Johannesburg  and  their  progressive  metamorphism  a8  they  approach 
this  major  thrust,  taken  in  conjunction  with  their  apparent  great 
thickness,  H. 000-10,000  feet,'  strongly  suggests  that  the  various 
quartzite  beds  and  intervening  shales  are  due  to  duplication  or  even 
reduplication  by  overth rusting.  Dr.  Molengraaff  denies  the  existence 
of  anything  more  than  a  local  duplication,  though  he  acknowledges 
(op.  cit.,  p.  22)  that  the  ''erogenic  movements  from  south  to  north 
have  been  very  energetic  against  the  granite  massif,  which  plays  the 
part  of  a  buttress." 

Whatever  may  be  the  extent  of  the  overthrusting,  it  is  evident 
that  the  simple  basin  theory  does  not  receive  the  support  of  recent 
investigation.  The  theory  was  mainly  deduced  from  the  generally 
observed  decrease  in  the  inclination  of  the  reefs  when  followed  in 
the  direction  of  dip.  It  now  appears  that  a  secondary  steepening 
of  the  dip  has  an  extended  occurrence  along  the  Witwatersrand. 
This  is  most  marked  in  the  Simmer  and  Jack  Mine,  where  from  the  \ 
3rd  to  the  4th  level  the  dip  is  10^  40',  from  the  6th  to  the  7th  level  j 
0°  30',  from  the  10th  to  the  12th  level  37°,  and  from  the  1^  ' 
to  the  16th  29°  36'.*     How  vastly  important  to  the  future  of  the 


1  F.  H.  Hatch:  Q.J.G.S.,  vol.  liv  (1898),  p.  85. 

2  S.  J.  Truscott :  ''  The  Witwatenrand  Goldtields  ;  Banket  and  Mining  Practiof< 
1898,  p.  109. 

'  F.  H.  Hatch  :  op.  cit.,  p.  T«.  *  S.  J.  Truscott:  op.  cit.,  p.  13. 
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liold-mining  industry  overthrasto  will  prove  by  counteracting  tbe 
effects  of  this  secondary  steepening,  is  at  once  apparent. 

In    the    group    of   rocks    succeeding   the    Witwatersrand   Beds 
Dr.  Molengraaff  finds  a  fancied  resemblance  to  the  sequence  from 
the  Table  Mountain  Sandstone  and  succeeding  beds ;  the  Black  Beef 
Series,  Doloinitio  Series,  and  Pretoria  Series  being  compared  by  him 
with  the  Table  Mountain  Sandstone,  Bokkeveld  Beds,  and  Wittebeig 
Series.     The  dolomite  in  the  Transvaal  is  unfossiliferous,  while  the 
Bokkeveld  Beds  contain  a  rich  fauna  of  a  Devonian  facies.    The 
A>lomite  most  resembling  that  in  tbe  Transvaal  is  the  rock  in  the 
Oango   district,  where,  iis  previously  stated,  it  is  probably  in  an 
inferior  position  to  the  Table  Mountain  Sandstone.     In  Cape  Colony 
the  Witteberg  Beds  pass  up   conformably  into   the   Dwyka  Con- 
glomerate ;   in  the  Transvaal  the  Glacial  Conglomerate  is  markedly 
anconformable  to  the  Pretoria  Series.     The  resemblance,  therefore, 
between  the  two  colonies  does  not  seem  very  exact.     Regarding  the 
onfossiliferons  nature  of  the  Transvaal  older  rocks,  and  the  move- 
ments to  which  they  have  been  subjected,  it  seems  futile  to  attempt 
s correlation  with  tbe  undetermined  succession  at  the  Cape;   whUe 
to  draw  any  comparison  with  the  European  PalsBOEoic  rocks,  as  is 
frequently  done,  is  a  fortiori  valueless  deductive  reasoning. 

Of  the  older  rocks  of  Rhodesia,  Zululand,  and  Natal  the  information 
is  scanty.  It  appears  that  the  Bokkeveld  Beds,  or  at  any  rate  strata 
oootaining  the  Bokkeveld  fossils,  die  out  before  they  reach  Natal, 
JDSt  as  they  do  in  the  north-west  provinces  of  Cape  Colony.  A  fact 
in  favour  of  their  being  unrepresented  in  the  Transvaal. 

To  briefly  summarize  the  knowledge  of  the  older  stratified  formations 
to  South  Africa.  The  geological  record  is  very  imperfect.  There 
are  many  rock  groups,  but  excepting  the  Bokkeveld  Beds  at  the  Cape 
their  age  has  not  been  determined.  There  are  no  certain  repre- 
sentatives of  strata  of  Silurian,  Ordovician,  and  Cambrian  ages. 
South  Africa,  then,  appears  to  be  the  relic  of  an  ancient  massif 
composed  of  ArohsBan  rocks,  into  which  are  sunk,  in  the  form  of 
complex  anticlines  and  synclines,  several  rock  groups  of  undetermined 
sges,  which  exist  at  the  present  day  as  lofty  mountain  ranges  or  as 
high  plateaux,  enclosing  the  western  portion  of  the  Indo-African 
basin  in  which  the  Karroo  deposits  were  laid  down. 

Note. — A  Graptolite,  Diplograptus  priaiis,  is  stated  to  have  been 
found  in  the  slates  of  De  Eaap,  but  this  discovery  has  not  been 
confirmed.     (Trans.  Geol.  Soc.  South  Africa,  1896,  vol.  i,  p.  52.) 


V. — Some  Trias  Sections  in  South  Staffobdshibb. 

By  Bbeby  Thompson,  F.C.S.,  F.G.S. 

N  occasional  visit  to  a  village  on  the  western  border  of  South 
il.  Staffordshire  has  given  me  the  opportunity  of  studying  the 
Triassic  deposits  around  there.  Possibly  the  various  sections  I  have 
Waited  are  well  known  to  local  geologists,  although,  so  far,  I  have 
fiot  come  acro.4s  any  description  of  them.  One  section  in  particular, 
I  think,  mast  have  been  overlooked,  and  this  it  is  now  ^to^««\  \/^ 


A 
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deBoribe  by  way  of  an  introdaotion  to  the  more  important  remarks 
which  follow  from  the  pen  of  Dr.  A.  Smith  Woodward. 

A  little  over  a  mile  to  the  south-east  of  Brewood,  and  a  similar 
distance  soath-westward  of  Four  Ashes  Station  on  the  Wol^r- 
hampton  to  Stafford  line  of  railway,  is  a  small  section  in  the 
Keuper  Sandstones  and  Marls.  The  opening  is  actually  very  near 
to  Somerford  Hall,  but  at  the  present  time  it  is  known  as  ChillingtOD 
Brickyard. 

When  I  first  visited  this  section  it  was  a  stone  quarry  only;  at  I 
the  present  time  (1901),  after  having  been  idle  for  twelve  yean,  } 
it  is  being  worked  for  brickmaking  only.  The  possibility  of  this  -: 
double  use  will  be  evident  on  reference  to  the  description  below.         i 

k 

SionoN  AT  Chillinoton  Brickyard  (takbk  in  1887).  I- 

tt.  io.  1 

1.  Soil  with  pebbles     ...        ...        ...        ...        ...        ...  1    6  > 

2.  Red  marl      6    0  " 

3.  Soft  green  marl        10  2 

4 .  Red  marl       ...         ...         ...         ...         ...         ...         ...  70 

5.  Hard  green  marl      0    1 

6.  Hard  red  marl  1    0 

7.  Green  sandstone  with  iootorinte 0    6 

8.  Red  sandstone  with  footprmts        2    6 

9.  Green  sandstone  with  footprints     0    6 

10.  ** Best  red*' sandstone  with  footprints      7    0 

Various  layers  of  the  beds  7  to  10  yielded  large  footprints  of 
Cheir other ium.  The  casts  of  the  impressions  made  are  about  *25m. 
and  *15  m.  in  length  and  breadth  respectively,  and  the  toes  raised  att 
much  as  20  mm.,  indicating  a  comparatively  large  and  heavy  animal- 
Certain  other  layers  were  completely  covered  with  oasts  of  im- 
pressions of  various  kinds — worm  tracks,  worm  castings,  and  small  j 
three-toed  footprints.  Of  the  five-toed  footprints  partionlarly 
referred  to  in  Dr.  Woodward's  Notes,  the  examples  I  procured  ou 
one  occasion  were  the  only  ones  I  ever  saw  at  this  quarry,  altliougb 
I  have  visited  it  four  or  five  times. 

No  pseudomorpbs  of  salt  were  discovered,  but  small  flattiflb 
crystals  of  calcium  sulphate  occurred  in  some  of  the  green  stone 
(the  workmen  said  pieces  like  glass),  and  this,  in  conjunction  with 
numerous  footprints,  good  ripple-marked  and  probably  rain-pitted 
slabs  at  various  horizons,  suggests  deposition  of  the  material  i" 
a  shallow  luke  with  a  fluctuating  water-level. 

Naturally  the  stone  splits  most  easily  where  the  footprints  occur, 
the  new  sediment  having  been  laid  down  upon  a  more  or  lew 
oonsolidated  older  one.  j 

It  would  appear  that  the  Chillington  section  shows  the  junction  . 
of  the  Waterstones  division  of  the  Upper  Keuper  with  the  Red  | 
Marls  of  the  same.  There  is  no  obvious  unconformity,  the  con- 
spicuous thin,  green  bands  of  both  divisions  being  practically 
parallel. 

At  Great  Chat  well,  a  few  miles  to  the  south-east  of  Newport 
(Salop),  I  found  a  very  much  coarser  sandstone  yielding  footprints. 
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A  lai^  slab  of  stoDe,  about  8  Teet  by  3  feet,  placed  beside  a  stile 
leadiag  into  the  o\A  disased  quarry,  had  on  it  a  number  of  Hmall 
footpTiDts.  The  two  eeotiona,  GliilHngton  and  CImtwuIl,  are  about 
■even  miles  apart. 

VI, — NOTIS    ON     FoOTPKINTS    FBOM    THK    KbiTPKR    OF    SoUTB 

STAFFUB08BIKB. 

Bj-  A.  SmtH  WooBWARii,  IX.D.,  F.H.S..  F.U.tS. 

rE  footprintH  from  the  fissile  Keuper  sandstones  of  Chillingtou 
cumptise,  in  addition  to  the  ordinary  Cheirolherian  impressions, 
two  iutereeling  series.  A  number  of  fra<;m«nts  of  rock  covered 
with  worm  tracks  and  oastings,  show  several  imperfectly  preserved 
footprints  of  a  small  five-toed  animal,  with  poxterior  limbs  of  much 
greater  size  than  the  anterior  ;  and  three  portions  of  comparatively 
vmootli  slabs  afford  eviiJence  of  a  larger  anininl,  probably  of  ihe 
tame  genns,  of  which  the  itiipresNians  of  the  feel  nvu  pro8prved  with 
remarkable  Jistinctness.  There  are  alsoeingnlnr  reticulated  markings 
upon  the  surface  of  another  small  slab  fiom  the  same  beds,  which 
may  be  interpi'elei)  as  the  impression  of  replilian  (?(ir  labyrintho- 
dout)  skin.     (See  Fig.  t,  p.  217.) 


Fin.  i.— Footprints  ol  Rkt/nchbtamiiK  from  llie  Ki:U]ici-  of  Sirath  StatfuiililiirL-. 

Of  the  specimens,  the  most  noteworthy  are  the  series  of  large 
ive-toed  footprints,  and  these  admit  of  tolerably  complete  description. 
Like  ull  the  others,  they  arepresented  in  the  form  of  relief-counterparts 
)r  the  original  impressions.  The  largest  slab  (No.  T),  measurinf; 
H8ra.  by  0-09  m.,  shows  two  prints  both  of  the  hind-  and  fore-foot 
(lell  siile),  following  in  natural  succession  ;  a  smaller  slab  (No.  II) 
ssfaibits  one  impression  of  each  foot,  partly  obsoaiftd  ^^  Vk  ^'ol 


216  Dt,  A.  Smith  Woodtcwd — Keuper  FootprmU. 

of  matrix ;  and  a  third  fragment  (No.  Ill)  shows  an  imperfeet 
hinder  footprint. 

Tn  No.  I  (Fig.  i)  the  total  length  of  the  fore-foot  is  0-04  m.,  and 
the  maximum  breadth  0*025  m.  As  in  the  hind-foot,  the  terminal 
phalanges  are  very  distinctly  shown  to  have  the  form  of  sharp  olaws, 
and  the  fifth  digit  is  slightly  opposed  to  the  remainder.  The  joints 
of  digits  I  to  III  are  well  seen,  and  comprise  respectively  2,  8,  and  4 
phalanges  :  but  Nos.  iv  and  v  are  unfortunately  indistinct.  The 
hind-foot  is  relatively  more  elongated  than  the  fore-foot,  and 
measures  approximately  0*07  m.  in  length  by  0*038  m.  in  maximum 
breadth.  The  first  four  toes  successively  increase  in  size  outwards, 
but  the  fifth  is  very  small — perhaps,  indeed,  the  smallest.  The 
number  of  phalanges  is  2,  3,  and  4  in  digits  i  to  iii  respectively ; 
and  specimen  No.  II  shows  dearly  that  there  are  5  in  digit  iv. 
The  '  palm  '  of  the  foot,  so  to  speak,  is  of  considerable  length,  and 
in  the  hind-foot  much  narrowed  posteriorly. 

lioss  distinct  footprints  of  this  character  have  already  been 
ascribed  by  Sir  Richard  Owen  to  EhynchosauruB,^  and  later  writers 
have  adopted  this  interpretation  when  referring  to  other  similar 
specimens.'  It  was  not  until  1887,  however,  that  it  became  possible 
to  institute  a  cnreful  comparison  of  the  marks  with  the  actual  feet 
of  the  genus  just  mentioned.  In  that  year  Professor  Huxley 
described'  a  skeleton  of  Rhynchosaurus  in  the  British  Museum, 
which  comprises  the  broken  remains  of  both  fore-  and  hind-feet, 
agreeing  precisely  in  relative  proportions  with  the  Chillingtcm 
footprints,  and  almost  identical  with  these  in  absolute  size.  So 
hx  as  can  be  determined  in  the  fossil,  the  number  of  phalanges  in 
the  respective  digits  is  quite  lacertilian,  and  the  small  dimensions 
of  the  fifth  digit  in  the  footprints  is  also  suggestive  of  the  latter 
conforming  to  the  same  type.  Moreover,  Rhyneho9auruB  must  have 
been  an  animal  of  sprawling  gait,  such  as  would  leave  the  footprints 
first  described  by  Murchison  and  Strickland  (loc.  cit.) ;  and  the 
present  specimens,  though  not  in  long  series,  are  sufficient  to  show 
that  a  similar  form  of  animal  impressed  them.  The  footprints  are 
thus  very  distinct  in  character  from  those  of  Cheirotheriumy  in 
which  the  feet  of  the  right  and  left  sides  are  seen  to  have  trodden 
successively  almost  in  a  single  straight  line. 

The  impression  oF  a  web  between  the  toes,  noted  by  Murchison 
and  Strickland  in  the  slab  in  the  Warwick  Museum,  is  not  clearly 
shown  in  the  new  specimens  ;  but  in  some  of  the  smaller  footprints 
appearances  are  suggestive  of  its  original  pi'esence. 

*  K.  Oweu,  **  Descri})tioa  ot  an  £xiiuct  Lacertiau  Reptile,  Rhij»eho9auru*  artitepit 
Owen  "  :  Trans.  Cambridge  Phil.  Soc,  vol.  vii  (1842),  p.  355.  Sir  Richard  Ow« 
refers  to  the  apetimens  described  by  0.  Ward — **  On  Footprints  and  Ripple  Marls  of 
the  New  Red  Sandstone  of  Grinshill  Hill,  Shropshire,'^  Brit.  Assoc.  Rep.,  1839, 
Trans.  Sect.,  p.  75  ;  also  by  Murchison  and  Strickland,  Trans.  Geol.  Soc.  [23»  vd.  t, 
p.  339,  pi.  xxviii,  fig.  1,  from  the  Keuper  of  Shrewley,  Warwickshire. 

^  E.g.,  R.  Harkness,  **  Footprints  from  Bunter  Sandstone,  Weston  Point,  netf 
Runcorn,  Cheshire" :  Ann.  Mag.  Nat.  Hist.  [21,  vol.  vi  (1850),  pp.  207,  441. 

»  T.  H.  Huxley  :  Quart.  Journ.  Geol.  Soc.,  vol.  xhii  (1887),  pp.  68»-692,  ^ 
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b«  slsb  Na  IV  (Fig.  2),  with  impreBaiona  apparently  of  skin,  is 
it  nix  inches  square,  and  the  reticulnted  marli ings  extend  over  two 
.efineil  bat  separate  areas.  Oni*  of  these  patches  is  convex  and 
r  sngi^estive  of  being  a  portion  of  the  counterpart  of  a  footprint, 
there  are  no  marked  boundaries.  The  small  polygonal  raised 
la  enclosed  by  tbe  reticulate  markings  vary  in  size  in  different 
la  from  00015  m.  in  diameter  to  OOOi  m.  At  one  aide  of  the  abtb 
n  indistinct  portion  of  a  small  footprint  resembling  Bki/neKoiauTU. 


Fia.  -1. — ijlun  iDipresniDii :  footjiriiit  of  Cheirolhtrium  (t). 

hi  comparing  this  fossil  with  knowu  specimens,  its  resemblance 
Iha  skin-impression  in  a  Gheirotherian  footpriot  described  by 
feesor  Williamson  '  ia  seen  lo  be  very  Htriking.  There  is  also 
iD-cracked  slab  in  Ifae  Uritish  Museum  (No.  B.  295)  from 
Trias  of  Lyinm,  Cheshire,  upon  which  a  number  of  small 
nohooephalian  footprints  are  associated  with  scattered  indistinct 
ulate  markings  an<l  enoloaed  raised  areas  of  a  somewhat  similar 
acter. 

mtprinte  and  impressions  are  under  all  clrcumatancee  most 
tisfactory  fossils  to  interpret,  but  it  now  seems  quite  certain 
Sir  Biobard  Owen's  iletermiuation  of  those  of  BhynehoaaurtiM 
irreot.  It  may  be  convenient  to  add,  in  oonulusion,  thut  an 
irate  synopsis  of  all  that  is  known  regarding  such  fossils,  with 
references,  was  published  by  Dr.  T.  C.  Winkler  in  1886.'  Later 
tble  contribulions  to  tbe  same  subject  have  been  made  by 
'  Pabst'and  Mr.  Beasley.' 

r.  C.  Williamwn,  ■•  On  a  Chcirotheriun  Fnotprint  Iroiii  the  Itusc  of  the  Kenper 

tone  of  Daieaburr,  Chethin' "  :   <liijirt.  Journ.  Geol.  Hik.,  vol.  xniii  (1867J. 

i-7,  pi.  iii. 

'.  C.  Wioklw,  "  llistoinido  I'lilmuUigic"  :   ,\rchiv.  Mas.  Teller  [2],  vol.  ii, 

(188B). 

9.   J'Btwt,   "  Thierfiihrteii    bus    dcm    Ubcrruthliegtnden    vun    Tambach    iu 

LdKen":      Zeitschr.    iltutsrh.    geol.    Ow.,    vol.    slvLu    (189C),    pp.    638-64:1, 

»;  mdvol.  \]1\  (1897),  pp.  701-712.  pl».  xw-isviii. 

[.  C.  Beule;,  ■'  An  Attempt  to  claaaify  (he  Fnotprints  in  the  New  Red  SsDtl- 

of  thia  Dialxict  "  :    Proc.  Liierpool  Geo).  Sac,  vol.  vii  (1896),  pp.  39I-40U. 

iiL  "  Nolfs  on  Eiamplea  nf  Footprinta,  etc.,  from  thi-Triaa  in  some  Provincial 

una":  loc.  tit.,  toL  vui  (1898),  pp.  233-237,  pi.  U. 
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VII. — Thk  Gambbiam  Age  of  the  Bictyosema  Slates  of   New 

Canaan  and  Eentville,  Nova  Scotia. 

By  H.  M.  Ami,  M.A.,  D.Sc,  F.O.S.,  of  the  Geological  Suney  of  Canada. 

IN  his  '<  Acadian  Geology  "  (1868,  2Dd  ed.,  p.  56.S)  Sir  William 
Dawson  figures  Dietyonema  WebsUri  and  plaoes  it  as  a  Silarian 
(Upper  Silarian)  species.  In  describing  the  slates  from  which  the 
type-specimens  of  this  species  were  obtained  he  writes : — **  Passing 
from  the  Cobequid  Mountains  to  the  slate  hills  of  the  south  side 
of  the  Bay"  (meaning  the  Bay  of  Fundy),  "in  King's  County, 
we  find  slates  not  very  dissimilar  from  those  of  the  Oobequids*' 
(which  he  had  described  on  the  previous  page,  562),  ''  in  the  pro- 
montory northward  of  the  Gaspereau  River.  Here  the  direction 
both  of  the  bedding  and  of  the  slate  structure  is  N.E.  and  S.W. ; 
but  the  planes  of  cleavage  dip  to  the  S.E.,  while  the  bedding,  as 
indicated  by  lines  of  difierent  colour,  dips  to  the  N.W.  These  slates, 
with  the  quartzite  and  coarse  limestones,  are  continued  in  the  hills 
of  New  Canaan,  where  they  contain  crinoidal  joints,  fossil  shells, 
corals,  and  in  some  beds  of  fawn-coloured  slate  beautiful  fan-like 
expansions  of  the  pretty  Dietyonema,  represented  in  fig.  196 ;  veiy 
fine  specimens  of  this  fossil  were  found  by  the  late  Dr.  Webster 
of  Keutville.  It  was  the  habitation  of  thousands  of  minute  polypes^ 
similar  apparently  to  those  of  the  modern  Sertularia.  The  general 
strike  of  the  rocks  in  New  Canaan  is  N.E.  and  S.W.,  and  they 
extend  from  that  place  westward  to  the  Nictaux  River.  Westward 
of  Nictaux  River,  as  ahead}'  mentioned  in  describing  the  Devonian, 
the  beds  of  the  Upper  ISilurian,  as  well  as  those  of  the  last-mentioned 
formation,  are  interrupted  by  great  masses  of  granite  which  fomi 
the  hills  along  the  south  side  of  the  Annapolis  River,  from  a  place 
called  Paradise  to  Bridgetown,  and  with  some  interruptions  nearly 
as  far  as  the  town  of  Annapolis." 

In  my  **  Synopsis  of  the  Geology  of  Canada,"  *  the  following 
paragraph  refers  to  tlie  Silurian  of  the  region  in  question  as 
presented  and  systematized  from  available  information: — "In 
the  County  of  Annapolis,  Nova  Scotia,  and  in  the  vicinity  of 
Nictaux,  Silurian  strata  occur,  including  the  Nictaux  iron-ore  beds 
and  the  Toibrook  sandstone  formation,  whilst  near  Kentville  the 
Kentville  formation  is  seen  as  well  as  on  Angus  Brook  in  the 
Gaspereau  valley,  also  at  New  Canaan  with  Dietyonema  Websteri, 
Dawson."  Slates  liokling  Dietyonema  Wehsteri,  Dawson,  are  thus 
known  to  occur  (1)  at  New  Canaan,  N.S.,  the  type  locality 
(2)  at  Kentville,  N.S. ;  and  (3)  on  the  north  slope  of  the  South 
Mountain,  along  the  upper  portion  of  the  valle}'  of  Angus  Brook, 
a  small  stream  entering  the  Gaspereau  River  between  the  village 
of  Gaspereau  and  the  Avon  River  shore. 

Heretofore,  the  slates  which  have  yielded  the  specimens  of 
Dietyonema  Websteri  have  been  invariably  referred  to  the  Silurian 
system,    but   more   recent   examination    of   the   type-specimens  of 

^  Trans.  K<»y.  Soc.  Cunada,  1900-1901,  ser.  ii,  vol.  vi,  sect.  4,  p.  203. 
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D,  Websten  have  revealed  remarkable  and  indubitable  resemblance 
and  close  affinity  of  this  species  with  the  Dietyonema  fiahelUforfM^ 
Eiohwald,  which  finds  a  synonym  in  the  B.  soeiale  of  Salter, 
a  characteristic  Upper  Cambrian  form. 

In  comparing  the  microscopical  characters  of  the  rhabdosome  of 
D.  Websteri  with  those  of  D.  JiabeHiforme,  Eichwald,  especially  as 
Uiey  are  presented  and  illustrated  in  Carl  Wiman's  classic  work,Hhe 
pecoliar  rope-like  structure  of  the  polypary  is  clearly  discernible, 
10  that  there  is  practically  no  doubt  as  to  the  identity  of  the  two 
species. 

It  will  therefore  now  be  necessary  to  refer  D,  Wehsteri  as 
s  synonym  of  D,  fiabelliforme,  Eichwald,  and  to  refer  the  Eentville 
formation,  not  to  the  Silurian  (Upper)  system,  but  to  the  Cambrian. 
In  fact,  the  slates  of  the  Eentville  formation  of  Kings  and  Annapolis 
Connties  in  Nova  Scotia  are  equivalent  in  age  or  are  taxonomically 
similar  to  the  slates  of  Barachois  and  associated  localities  in  the 
Kara  Series  of  Cape  Breton,  as  well  as  to  the  Dietyonema  slates 
of  Navy  Island,  near  St.  John  City,  and  the  slates  of  Eel  River,  near 
Benton  in  New  Brunswick,  all  of  which  are  referable  to  the  Upper 
Cambrian. 

The  first  rapprochement  made  by  me  between  Dietyonema  flabeUi- 
forvifi  and  D.  Websteri  took  place  some  two  years  ago,  when  the 
specimens  of  Dietyonema  obtained  by  Professor  L.  W.  Bailey  near 
Benton,  along  the  Eel  River  in  York  Co.,  N.B.,  wore  compared 
with  the  specimens  of  D,  Websteri  at  present  in  tlie  collections  of 
the  Geological  Survey  Department,  and  tliey  were  found  to  be  so 
closely  related  as  not  to  be  practically  separable.  From  specimens 
of  D.  flahelliforme  obtained  on  Navy  Island,  kindly  loaned  to  me 
for  study  and  reference  by  Professor  Bailey  of  the  University  of 
New  Brunswick,  it  was  readily  seen  that  the  Benton  specimens 
were  identical  and  therefore  of  Upper  Cambrian  age. 

In  order  to  ascertain  definitely  whether  D.  Websteri,  Dawson,  from 
New  Canaan,  was  identical  with  D.  flabelliforme,  the  type-specimens 
of  the  former,  which  formed  part  of  the  Dawson  collections  in  the 
Peter  Redpath  Museum  of  McGill  University,  were  kindly  loaned 
to  the  writer  by  Professor  F.  D.  Adams.  These  are  preserved  on 
two  slabs  of  more  or  less  hardened  red  shale  or  slate,  and  scattered 
over  the  surface  of  the  slates  in  a  rather  poor  state  of  preservation, 
except  in  one  case  from  which  very  probably  the  illustration 
(fig.  196)  on  p.  563  of  the  **  Acadian  Geology  "  was  prepared. 

The  writer  is  satisfied  that  the  upper  beds  of  the  Cambrian  are 
thus  represented  in  that  portion  of  Nova  Scotia  by  the  Dietyonema 
flabelli/orme  beds  at  Kontville..  New  Canaan,  and  the  Gaspereau 
Valley,  south  side. 

We  thus  find  that  the  zone  or  horizon  of  Dietyonema  fiabelliforme, 
Eichwald,  occurs  at  the  following  localities  in  Canada,  which  may 
oonsequently  be  referred  to  the  Upper  or  Neo-Cambrian  : — 

*  See  "Ueber  die  Graptoliten*' :  Bull.  Geol.  Inst.  Upsala,  p.  55,  pi.  x,  figs.  13, 14. 
Also  iichwald,  **  Gorgonia  JlabeUiformifi"' :  SU.  Schicht.  Syst.  in  Esthland,  1840, 
p.  207. 


230      F.  heney — Type-spaciuieM  in  the  Not^ich  Mu$eum. 

(1)  Matauue,  Quebec,  south  shore  of  St  Lawrenoe  RiYer. 

(2)  Cape  Rosier,  Qaspe,  Qoebeo,  near  Lighthouse. 

(3)  Bamohois,  Cape  Breton,  Nova  Scotia. 

(4)  Navy  Island,  near  St.  John,  New  Brunswick. 

(5)  Shales  near  Benton,  York  County,  above  Frederioton,  N< 

Brunswick. 

(6)  New  Canaan,  Annapolis  County,  Nova  Sootia. 

(7)  Eeutville,  Annapolis  County,  Nova  Scotia. 

(8)  Angus  Brook,  Gaspereau  Valley,  Kings  County,  Nova  Scot 

VIII. — A  List  of  the  'Typk,*  Figuukd,  and  Dksoribbd  Foflai 

IN    THE   NOBWIOH   CaSTLB   MuSKUM. 

By  Frank  Lkney.  Assistant-Curator  of  Norwich  Museum. 

{('onvhtdedfrum  p.  171.) 

EUphas  meridionalis,  l^e%i\.     Portion  of  right  lowerm.  3.     Falcon 

*  Fauna  Ant.  Siv."  (1846),  pi.  xivb,  figs.   11,  11a,  a 

"Pal.  Memoirs"  (1868).  vol.  i,  p.  446;  vol.  ii,  p.  l\ 

Leith  Adams,  ibid.,  p.  196.      Forest  Bed  (?)  :    Hash 

Oyster  Bed.     S.  Woodward  Coll.  5  [1771]. 

Portion  of  right  lower  molar.     Falconer,  **  Fauna  Ant  Sii 

(1846),  pi.  xiv  B,  figs.  8,  8a,  and  "  Pal.  Memoirs  "  (1861 
vol.  i,  p.  445 ;  vol.  ii,  p.  136.  Leith  Adams,  ibid.,  p.  W 
Forest  Bed  :  Norfolk  coast.     Old  Coll.  18  [1770]. 

Right  lower  ni.  3.  Leith  Adams,  ibid.,  p.  196.  Forest  Be 
Bacton.     Gurney  Coll.  12  [1776]. 

Left  lower  m.  3.  Leith  Adams,  ibid.,  p.  197.  Forest  Bed  (^ 
Bacton.     Gurney  Coll.  28,  24  [1692,  1704]. 

Left  lower  m.  3.  Leith  Adams,  ibid.,  p.  197.  Forest  Be 
Mnndesley  cliffs.     Gnun  Coll.  222  [1712]. 

Portion  of  left  lower  ui.  3.  **  Memorials  of  John  Gum 
(1891),  p.  68.  Norwich  Crag  :  Horstead,  Norwich.  Qu 
Coll.  224  [lo73]. 

Left  lower  m.  3.     Leith  Adams,  ibid.,  p.  198.     Dredged 
Norfolk  coast.     Gunn  Coll.  329  [1735]. 

Left  lower  m.  3.  I^ith  Adams,  ibid.,  p.  197.  Forest  Be 
Mnndesley.     Gunn  Coll.  317  [1759]. 

Portion  of  right  lower  molar.  Falconer,  "Fauna  Ant.  Si'' 
(184G),  pi.  xiv  B,  figs.  9,  9a,  and  "  Pal.  Memoirs  "  (186i 
vol.  i,  p.  446 ;  vol.  ii,  p.  136.  Leith  Adams,  ibid.,  p.  II 
Forest  Bed  (?) :  Norfolk  coast.  S.  Woodward  Coll.  4  [178; 

Right  lower  molar.  **  Memorials  of  John  Gunn "  (189 
p.  69.  Norwich  Orag :  Horstead,  Norwich.  Gunn  Cc 
305  [1581]. 

Left  lower  molar.  *•  Memorials  of  John  Gunn "  (189 
p.  69.  Norwich  Crag :  Coltishall,  Norwich.  Gunn  C( 
333  [1576]. 

Portion  of  lower  m.  3.  Falconer,  **  Fauna  Ant.  Siv."  (184* 
pi.  xiv  B,  figs.  12,  12a,  and  **  Pal.  Memoirs"  (186J 
vol.  i,  p.  446  ;  vol.  ii,  p.  136.  Leith  Adams,  ibid.,  p.  11 
Forest  Bed  :  Muudesley.     Old  Coll.  3  [1778]. 
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SXepios  meridionalia,  Nesti.  Portion  of  lower  molar.  Leith  Adams, 
ibid.,  p.  198.  "Memorials  of  John  Qunn  "  (1891),  pi.  i 
(Probos.),  pp.  8,  71,  fig.  E.  Forest  Bed  (?) :  Hasbro^ 
Oyster  Bed.     Gunn  Coll.  221  [1762]. 

—  Portion  of  molar.    **  MemorialR  of  John  Gnnn  '*  (1891),  p.  69, 

Norwich  Crag :  Horstead.  Norwich.  Gnnn  Coll.  381 
[1683]. 

—  Left  half  of  pelvis.    Falconer,  *'  Pal.  Memoirs  "  (1868),  vol.  ii, 

p.  143.  Forest  Bed :  Mandesley  cliffs.  Gunn  Coll.  226 
[1611]. 

—  Left   half    of    pelvis.     Falconer,    "  Pal.    Memoirs "    (1868), 

vol.  ii,  pp.  141-143.  Leith  Adams,  ibid.,  pp.  150,  151. 
"Memorials  of  John  Gunn"  (1891),  pp.  73,  74.  Forest 
Bed:  Mondesley.     Gnnn  Coll.  225  [1615]. 

—  Portion  of    scapula.     Leith   Adams,  ibid.,  p.  213,  pi.  xviii, 

fig.  3.     Dredgetl  off  Yarmouth.     Gunn  Coll.  275  [1618]. 
•—Left  humerus.     Falconer,  **  Pal.  Memoirs"    (1868),    vol.  ii, 

p.    143.     Leith    Adams,    ibid.,    p.   215,  pi.   xvi,    fig.   2. 

"Memorials   of   John    Gunn"    (1891),    p.    73.      Forest 

Bed  :  Mundesley.     Gunn  Coll.  200  [1620]. 
Left    humerus.     Owen,    "  Brit.    Foss.    Mammals "    (1846), 

p.   251     (£,  primigenius) ,      Falconer,    "Pal.    Memoirs" 

(1868),   vol.   ii,   p.   143.     "Memorials   of  John   Gunn" 

(1891),  pp.  70,  73.     Forest  Bed:   Bacton.     Gurney  ColL 

[1622]. 
Distal  end  of  humerus.     Leith  Adams,  ibid.,  p.  215,  pi.  xvi, 

fig.  3  (Forest  Bed  errore),     [  ?  Norwich  Crag]  :  Rockland, 

Norwich.     Mr.  J.  Hobrough  [1619]. 
'— ^  Radius.     Leith  Adams,  ibid.,  p.  217.      "  Memorials  of  John 

Gunn"    (1891),    pp.    74,    75.     Forest   Bed:    Mundesley. 

Colman  Coll.  [1621]. 
' — •  Right  femur.     Leith  Adams,  ibid.,  pp.  1G4,  222.    "Memorials 

of  John  Gunn  "  (1891),  p.  74.     Forest  Bed  :    Mundesley. 

Colman  Coll.  [1599]. 
Shaft  of  .right   femur.     Falconer,  "  Pal.  Memoirs  "    (1868), 

vol.   ii,   p.    144.     Leith   Adams,   ibid.,   p.    224  (No.  288 

errore).      '*  Memorials   of  John   Gunn  "    (1891),    p.   49. 

Forest  Bed  :  Walcot,  near  Bacton.    Gunn  Coll.  228  [1601]. 
- — -  Shaft  of  femur.     Falconer,  "  Pal.  Memoirs  "  (1868),  vol.  ii, 

p.  144.     Forest   Bed  :    Norfolk  coast.      Gunn   Coll.   230 

[1592]. 
— -  Head  of  femur.     Leith  Adams,  ibid.,  p.  224.     Forest  Bed : 

Mundesley.     Gunn  Coll.  237  [1613]. 
— *  Distal  end  of  femur.     Leith  Adams,  ibid.,  p.  224,  pi.  xxii, 

fig.   5    [No.   236   errore'].     Forest  Bed :    Bacton.     Gunn 

Coll.  23  [1596]. 
Distal  end  of  femur.     Leith  Adams,  ibid.,  p.  223.     Forest 

Bed  :  Palling.     Colman  Coll.  [1606]. 
^^  Left  tibia.     Leith  Adams,  ibid.,  p.  225.     Forest  Bed  :  Barton. 

Gnnn  Coll.  241,  242  [1588,  1591]. 
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Elephaa  meridtonalts,  Nesii.     Fibula.     Leith  Adams,  ibid.,  p. 

Dredged  oflf  Yarmouth.     Gunn  Coll.  266  [1953]. 
Distal  and  proximal  ends  of  fibula.   Leith  Adams,  ibid.,  p. 

Forest  Bed  :  Bacton.     Gunn  Coll.  240  [1607]. 
Distal  end  of  tibia.     Leith  Adams,  ibid.,  p.  226.     Forest  ] 

Norfolk  coast.     Gunn  Coll.  243,  247  [1623,  1635]. 
Cuneiforme.     Leith    Adams,    ibid.,    p.    219.     Forest    1 

Norfolk  coast.     Gunn  Coll.  166,  159  [1667,  1671]. 
^ Internal   cuneiforme.      Leith   Adams,  ibid.,  p.  228,  pi. 

fig.  2.      Forest  Bed :    Norfolk   coast.      Gunn   Coll. 

[1964]. 

Unoiforme.      Leith    Adams,    ibid.,    p.    220.      Forest 

Norfolk  coast.     Gunn  Coll.  172  [1672]. 
Scaphoid.     Leith  Adams,  ibid.,  p.  159.     Forest  Bed  :  No 

coast.     Gunn  Coll.  160  [1660]. 
Lunare.   Leith  Adams,  ibid.,  p.  159.   Forest  Bed  :  Munde 

Gunn  Coll.  151  [1663]. 

Magnum.   Leith  Adams,  ibid.,  p.  220.  Forest  Bed  (?) :  No 

coast.     Gunn  Coll.  164  [1658]. 

Trapezoidale.      Leith   Adams,    ibid.,   p.   220.      Dredgec 

Yarmouth.     Gunn  Coll.  160  [1661]. 

Metatarsus   3.     Leith    Adams,   ibid.,   p.   229.     Forest   ! 

Mundesley.     Fitch  Coll.  [1648]. 
Metatarsus   5.      Leith  Adams,  ibid.,  p.  329.      Forest   '. 

Norfolk  coast.     Gunn  Coll.  195  [1645]. 
vide  E.  aniiquus,  Falc.  [1788]. 

vide  Mastodon  latidens,  S.  Woodw.  [1567]. 

Elephas  primigenius,   Blum.     Incisor   tooth.     Leith   Adams, 

p«  187.      Submarine   deposits   near   Lowestoft.      Co 

Coll.  [1870]. 
Lower  jaw.      Falconer,    "  Pal.    Memoirs  "    (1868),   vo 

p.    174.     "  Memorials  of  John    Gunn  "   (1891),  pp 

74,  78,  pi.    iv  (Probes.),   fig.   3.    Dredged   oflF  Mar 

Kent.     Gunn  Coll.  360  [1846]. 
1st  dorsal    vertebra.      Leith  Adams,  ibid.,  p.  149,   pU 

fii!^.  7.      Dredged  off  Lowestoft,   Suffolk.      Colman 

[1931]. 
Left  scapula.     Leith  Adams,  ibid.,  p.   213,  pi.  xxii,   fi 

Dredged  off  Yarmouth.     Gunn  Coll.  271  [1947]. 

Abnormal  right  femur.     Leith  Adams,  ibid.,  p.  167,     Dre 

off  Yarmouth.     Gunn  Coll.  255  [1912]. 

« Lunare.     Leith  Adams,  ibid.,  p.  159.     Dredged  off  Yarm 

Gunn  Coll.  155  [1651]. 

Molar  tooth    with   glacial   markings.     "  Memorials   of 

Gunn  "  (1891),  pi.  ii  (Probos.),  fig.  K.  H.  B.  Wood^ 
Proc.  Geo).  Soc,  Aug.  1893,  vol.  xlix,  p.  146.  "  R 
Htructed  Chalk  *' :  Witton,  near  Bacton.  Gunn  Coll. 
[1949]. 

vide  E.  meridionaltSf  Nesti  [1622]. 

Prototype ;  vide  E.  meridionalis,  Nesti  [1696]. 


1 
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EltphkB  primgemm,  Blum.      Prototype  ;    vide   E.   antiquus,  Falo. 

[1847]. 
EUphas  (Loxodon)  prisettg,  Gold  fuss.      Portion  of  lower  jaw  with 

OL  2.    Falconer,  Quart.  Journ.  QeoL  Soo.,  vol.  xxi  (1865), 

p.  272,  and  "  Pal.  Memoirs"  (1868),  vol.  ii.  p.  99,  pi.  vii, 

figs.  3,  4.    Leith  Adams,  ibid.,  p.  23  (E,  antiquus).    Forest 

Bed :  Palling  beach.     Gunn  Coll.  307  [1832]. 
Etephas  sp.    Portion  of  lower  molar.     "  Memorials  of  John  Gunn  " 

(1891),  pi.  i  (Probos.).  fig.   1   (£*.  gtganieua  tntermediut, 

Gunn  MS.).     Forest  Bed  (?)  :  Mundesley.    Gunn  Coll.  H. 

[1765]. 
Incisor  tooth.     "  Memorials  of  John  Gunn  "  (1891),  p.  79, 

pi.  V  (Probos.),  fig.  3.   Forest  Bed  (?) :  Norfolk  coast.   Rose 

Coll.  N.  [1793]. 
Equtu   eahalluB'fossilis,  Riitimeyer.     Left  up.  m.  1  and  2.     E.   T. 

Newton,  "Vert.  Forest  Bed"  (1882),  pi.  vii,  figs.  6,  7. 

Forest  Bed :  Cromer.     Gunn  Coll.  [423,  424]. 
Emdadoceroa,  Falc. ;  vide  Cerous  Sedgwickiif  Falc.  [243]. 
QazeUa  angliea,  E.  T.  Newton.     Horn-core.     E.  T.  Newton,  "  Vert. 

Pliocene    Deposits "    (1891),     p.     23.      Norwich   Crag  : 

Horstead,  Norwich.     Colman  Coll.  [1000]. 
Gtdo  luscuif  Linn.     Portion  of   left  ramus  of  lower  jaw.     E.   T. 

Newton,  Geol.  Mag.  [2],  vol.  vii  (1880),  p.  424;  "Vert. 

Forest  Bed"  (1882),  p.  17,  pi.  vi.  figs.  1,  la.      Forest 

Bed  :  Mundesley.     Fitoh  Coll.  [392]. 
Bippopotamus  major,  Owen.     Right  ramus  of  lower  jaw.      Owen, 

"  Brit.  Foss.  Mamm."  (1846),  pp.  399.  409,  figs.  159,  162. 

Forest  Bed  :  Cromer.     Gumey  Coll.  [394].     Type. 
Tusk.     Owen,  ibid.,  p.  410.      Forest  Bed  (?)  :   Cromer  beach. 

Gumey  Coll.  [414]. 
Lutra  Beevei,  E.  T.  Newton.    Germ  carnassial  tooth.    E.  T.  Newton, 

Quart.  Journ.  Geol.  Soc,  vol.  xlvi  (1890),  p.  446;  "Vert. 

Pliocene  Deposits  "  (1891),  p.  13,  pi.  i,  fig.  13.     Norwich 

Crag  :  Bramerton,  Norwich.     Reeve  Coll.  [548].     Type. 
Macharodus  (?).     Carnassial  tooth.     E.  T.  Newton,  **  Vert.  Pliocene 

Deposits"   (1891),  p.   6,  pi.   i,  fig.   2.      Norwich   Crag: 

Thorpe,  Norwich.     Fitch  Coll.  [549]. 
Mattodon    angustidenSf    Kaup.      Portion    of    lower    tusk.      Owen, 

"Brit.    Foss.    Mamm."    (1846),   pp.    291,  295,   fig.   101. 

Falconer,    "Pal.    Memoirs"    (1868),    vol.    ii,   p.   43    (M. 

arvernenstSf   C.   &   J.).     Fluvio-marine   Crag  :    Norwich. 

Fitch  Coll.  [1543]. 
Left   upper  m.m.   3.      Owen,  "Brit.  Foss.  Mamm."  (1846), 

p.   284,   fig.    100.      Falconer,    "  Pal.    Memoirs  "    (1868), 

vol.  ii,  p.  36  (Af.  arvemenaiat  C.  &  J.).     Fluvio  -  marine 

Crag  :  Postwick,  Norwich.     Fitch  Coll.  [1552], 
^  Lower  m.  2.     Owen,  "Brit.  Foss.  Mamm."  (1846),  p.  281, 

fig.  99.     Falconer,  "Pal.  Memoirs"  (1868),  vol.  ii,  p.  33 

{M.  arvernensia,   C.   &  J.).      Fluvio-marine   Crag  :    near 

Norwich.     Fitch  Coll.  [1547]. 


/ 
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MaHodon  angustideus,  Kaup. :  vide  M.  latidens,  S.  Woodw.  [1567]. 

Mastodon  arvern€n»ii<,  C,  &  J.  Right  upper  molar.  '*  Memorials  of 
John  Gnnn  '*  (1891),  p.  67,  pi.  i  (Probos.),  fig.  /L 
Norwich  Crag :  Horstead.  Norwich.  Gnnn  Coll.  G.  [1540]. 

vide  M.  mignstideus,  Kaup.  [1543.  1547,  1552]. 

Mastodon  laiideng,  S.  Woodw.  Portion  of  molar  tooth.  S.  Wood- 
ward, Mag.  Nat.  Hist.,  vol.  ix  (1836),  p.  154.  figs.  23fl.  6. 
Owen,  **  Brit.  Fobs.  Mamm."  (1846),  p.  289  (M.  angustidenBr 
C.  &  J.).  Falconer,  "Pal.  Memoirs"  (1868),  vol.  ii, 
p.  131  (Etephna  meridionalis,  Nesti).  [Norwich  Crag]  : 
Bramerton,  Norwich.     S.  Woodward  Coll.  [1567]. 

Monodou  monoceros,  Linn.  Portion  of  tusk.  H.  B.  Woodward, 
"Geology  of  Norwich"  (1881),  p.  96.  E.  T.  Newton, 
"Vert.  Pliocene  Deposits"  (1891),  p.  79.  Briokearth : 
Sprowston,  Norwich.     Mr.  G.  Bacon  [525], 

Ovibos  moschaius,  Zinim.  Skull.  Boyd  Daw  kins.  Quart.  Joum. 
Geol.  Soc,  vol.  xxxix  (1883),  p.  575,  woodcut  E.  T. 
Newton,  "  Vert.  Pliocene  Deposits  "  (1891),  p.  22. 
Forest  Bed  :  Trimmingham.     Rev.  F.  Buxton  [487]. 

Ovis  aries,  Linn,  Metatarsal.  "Memorials  of  John  Gunn  "  (1891), 
p.  58,  pi.  ii  (Prohos.),  tigs,  n,  h.  Kecent  deposit: 
Happisburgh.     Gunn  Coll.  I  [9|. 

Phoca  sp.  Right  humerus.  E.  T.  Newton,  "'  Vert.  Pliocene 
Deposits"  (1891),  p.  19,  pi.  ii,  fig.  1.  Norwich  Crag: 
Bramerton,  Norwich.     Crowfoot  and  Dowson  Coll.  [380]. 

Rangifer  tarandus  (Linn.)  ;  vide  Cervus  taramiut,  Linn.  [70]. 

BhinoceroB  etrusctis,  Falc. ;  vide  R.  tichormuit,  Fischer  [460]. 

Rhinoceros  leptorhinuSf  Owen.  Upper  molar  tuoth.  Owen,  "Brit. 
Foss.  Mamm."  (184G),  p.  381.  Forest  Bed:  near  Cromer. 
Fitch  Coll.  [448], 

Rhinoceros  leptorhinus,  Owen  ;  vide  R.  megarhinus,  Christol  [446]. 

Rhinoceros  megarhinus,  Christol.  Right  upper  p.m.  4.  Boyd  Dawkins, 
Quart.  Journ.  Geol.  Sou.,  vol.  xxiii  (1867),  p.  214. 
Falconer,  -  Pal.  Memoirs  "  (1868),  vol.  ii,  p.  398 
(R.  leptorhiuus,  Owen).  E.  T.  Newton.  "Vert.  Forest 
Bed"  (1882),  p.  40,  pi.  ix,  fig.  1.  Forest  Bed:  near 
Cromer.     Gunn  Coll.  [446]. 

Rhinoceros  tichorhiuus,  Fischer.  Lett  ramus  of  lower  jaw.  Owen, 
"Brit.  Foss.  Mamm."  (1846),  p.  347.  Falconer,  "  PaL 
Memoirs"  (1868),  pp.  347,  355  (2?.  etruseus,  Falc). 
E.  T.  Newton,  "  Vert.  Forest  Bed  "  (1882),  p.  39,  pi.  viii, 
fig.  7.     Forest  Bed  :  Cromer.     Fitch  Coll.  [460]. 

StrongyloceroSy  Falconer ;  vide  Cervus  verticomis,  Dawk.  [305]. 

Talpa  europtea,  Linn.  Right  and  left  lower  jaws.  E.  T.  Newton, 
"Vert.  Forest  Bed"  (1882),  p.  95,  pi.  xv,  figs.  1,  2. 
Forest  Bed  :  Bacton.     Gumey  Coll.  [523]. 

Trichechus  JSuxleyi  (?),  Lank.  Proximal  half  of  right  femur.  E.  T. 
Newton,  "Vert.  Pliocene  Deposits"  (1891),  p.  18,  pl.iir 
fig.  3.  Chillesford  Beds  :  Aldeby,  Suffolk.  Crowfoot  and 
DowBon  Coll.  [393]. 
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Trogontlerium  Cuvieri,  Cnvier.     Right  ramus  of  lower  jaw.     E.  T» 

Newton,  **  Vert.  Forest  Bed  "  (1882),  pi.  xi,  fig.  9.    Forest 

Bed:  Mundesley.     Fitch  Coll.  [381]. 
Left  ramus  of  lower  jaw.     Owen,  Geol.  Mag.,  vol.  vi  (1869), 

p.  62,  fig.  4.     B.  T.  Newton,  "Vert.  Forest  Bed"  (1882), 

p.  69,  pi.  xi,  fig.  11.     Forest  Bed:    Mundesley.    Fitdi 

Coll.  [382]. 
—  Left  ramus  of  lower  jaw.    E.  T.  Newton,  "  Vert.  Forest  Bed  " 

(1882),    p.   69,   pi.   xi,   fig.   7.      Forest    Bed:     Baoton. 

Gumey  Coll.  [383], 
Left  femur.     Owen,  Geol.  Mag.,  vol.  vi  (1869),  p.  49,  pi.  iii, 

figs.  1-4.     E.  T.  Newton,  "Vert  Forest  Bed"  (1882), 

p.  74,  pi.  xi,  fig.  18.     Forest  Bed:    Mundesley.     Gunn 

Coll.  [387]. 
Left  oaloaneum.     Owen,  Geol.  Mag.,  vol.  vi  (1869),  p.  49, 

pi.  iii,  fig.  8.     E.  T.  Newton,  "  Vert.  Forest  Bed  "  (1882), 

p.  74,  pi.  xi,  fig.  20.     Forest   Bed:    Mundesley.     Gunn 

Coll.  [386]. 
Vnm  tpelaus,  Blum.     Left  ramus  of  lower  jaw.     Falconer,  "  Pal. 

Memoirs"   (1868).   vol.  ii,   p.  466   (Ur8u$  sp.).     E.   T. 

Newton,  "Vert.  Forest  Bed"  (1882),  p.  7,  pi.  i,  fig.  2; 

pi.  iii,  fig.  2.     Forest  Bed  :  Cromer.    Gurney  Coll.  [376]. 
Portion  of  left  ramus  of  lower  jaw.     E.  T.  Newton,  "  Vert. 

Forest  Bed"   (1882),  p.  10,  pi.  iii,  fig.  3.     Forest  Bed: 

Norfolk  coast.     Old  Coll.  [371]. 
Canine  tooth.     E.  T.  Newton,  "Vert.  Forest  Bed"   (1882), 

p.  11,  pi.  ii,  ^g,  8.     Forest  Bed  (?) :  Norfolk  coast.    Gunn 

Coll.  [378]. 
Distal  end  of  left  humerus.     E.  T.  Newton,  "  Vert.  Forest 

Bed  "  (1882),  p.  14,  pi.  ii,  fig.  4.    Forest  Bed  :  Happisburgh. 

Gunn  Coll.  380  [374]. 
Rodent  ? genus.     Cheek   tooth.      E.  T.  Newton,  "Vert.   Pliocene 

Deposits"  (1891),  p.  54,  pi.  v,  fig.  19.     Norwich  Crag: 

Bramerton,  Norwich.     Eeeve  Coll.  [544]. 
Small   Ruminant.      Outer  incisor  tooth.      E.  T.   Newton,    "  Vert. 

Pliocene  Deposits  "  (1891),  pi.  iii,  fig.  10.    Norwich  Crag  : 

Thorpe,  Norwich.     Fitch  Coll.  [560]. 

AVES. 

Orui   communt8j   Bechs.      Tihiee   and    radius.      A.   Newton,  Trans. 
Norf.  and  Nor.  Nat.  Soc,  vol.  vii  (1901),  p.  158.     Peat 
[Estuarine  Deposit]  :  King's  Lynn.     Gunn  Coll.  [1978]. 
^ria  troxle,   Linn.      Shaft  of  humerus.      E.   T.   Newton,    "Vert. 
Pliocene  Deposits  "  (1891),  p.  84,  pi.  ix,  fig.  5.    Chillesford 
\  Crag:  Aldeby,  Suffolk.    Crowfoot  and  Dowson  Coll.  [547]. 

REPTILIA. 

^l(ma  harvieieMts,  S.  Woodward.  S.Woodward,  "Synoptical 
Table  "  (1830),  p.  44,  frontispiece.  Loudow  CW^  \ 
Harwich  Harbour.    Rev.  J.  H.  Bloom  [1617"\.     Type. 
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A^fit  Ztttorta,  Sohneider.     Oaiapaoe.     E.  T.  Newton,  G^aol. 

],  vol.  vi  (1879),  p.  804,  pi.  viii.  H.  B.  Woodwarfi, 
'rans.  Norf.  and  Nor.  Nat  Soc.,  vol.  iii  (1880),  p.  8^- 
Clemenfc  Reid,  "Geology  of  Cromer**  (1882),  p.  11^- 
"  River  Bed  "  :  Mnndealey.  John  Gumey,  Esq.  [160]. 
£«tbilon  anctfp»,  Owen.  Yertebree.  T.  6.  Bayfield,  Geol.  Mag., 
vol.  i  (1864),  p.  296.  Upper  Chalk  :  Lollard's  Pifc, 
Norwich.     T.  G.  Bayfield,  Esq.  [1983]. 

PISCES. 

QadMM  moTxhua,  Linn.  Otolith.  E.  T.  Newton,  ''Vert  Pliooene 
Deposits"  (1891),  p.  93,  pi.  x,  fig.  5.  Norwich  Crag  i 
Bramerton,  Norwich.     Reeve  Coll.  [646]. 

Oadus  pollachius,  Linn.  Portion  of  otolith.  E.  T.  Newton,  "  Vert. 
Pliocene  Deposits  "  (1891),  p.  96,  pi.  x,  fig.  16.  Norwid* 
Crag  :  Bramerton,  Norwich.     Reeve  Coll.  [646]. 

CRUSTACEA. 

PoUUcipet   Angelini,   Darwin.       Scutum   and   tergum.     C.    Darwixiy 

"  Fossil  LepadidsB"  (Pal.  Soc,  1861),  p.  66,  tab.  iii,  fig.  7- 

Upper  Chalk  :  Norwich.     Fitch  Coll.  [2162].     Types.  ^ 
PolUeipes  fallax,  Darwin.     Scutum  and  tergum.     C.  Darwin,  ibid.y 

p.   76,  tab.  iv,  fig.  8.     Upper  Chalk  :    Norwich.     Pitch 

Coll.  [2163].     Types. 
PolUeipes  striatus,  Darwin.    Carina,  tergum,  and  scutum.    C  Darwin, 

ibid.,   p.    71,   tab.   iv,   fig.   6.     Upper  Chalk  :    Norwiob. 

Fitch  Coll.  [2154].     Types. 
Sealpellum  fossula,  Darwin.     Associated  plates.     C.  Darwin,  ibid., 

p.  24,  tab.  i,  fig.  4.     Upper  Chalk :  Norwich.     Fitch  Coll. 

[2136].     Type. 
Sealpellum    maximum,    J.    Sow.,    var.   typicum,   Darwin.     Scutum. 

C.  Darwin,  ibid.,  p.  28,  tab.  ii,  fig.  8.      Upper  Chalk: 

Norwich.     Fitch  Coll.  [2139]. 
Carina.      C.    Darwin,    ibid.,    p.    28.      Upper    Chalk : 

Norwich.     Fitch  Coll.  [2138]. 
var.  i.     Tergum.     C.  Darwin,  ibid.,  p.  30,  tab.  ii,  fig.  6. 

Upper  Chalk  :  Norwich.     Fitch  Coll.  [2141]. 
var.  ii.     Scutum.     C.  Darwin,  ibid.,  p.  29,  tab.  ii,  fig.  9- 

Upper  Chalk  :  Norwich.     Fitch  Coll.  [2147]. 

var.  ii.     Tergum.    C.  Darwin,  ibid.,  p.  30,  tab.  ii,  fig.  C- 


Upper  Chalk  :  Norwich.     Fitch  Coll.  [2146]. 

var.  iii.    Tergum.    C.  Darwin,  ibid.,  p.  31,  tab.  ii,  fig.  7. 


Upper  Chalk  :  Norwich.     Fitch  Coll.  [2142]. 

ANNELIDA. 

Vermieidarta  (?).  S.  Woodward,  "Geology  of  Norfolk "  (1833),  p.  49, 
tab.  vi,  ^g.  18.  Upper  Chalk  :  Norwich.  S.  Woodward 
Coll.  [2230]. 

Vermilia  macropuSj  3,  Sow.  S.  Woodward,  ibid.,  tab.  v,  fig.  1^* 
Upper  Chalk :  Norwich.     S.  Woodward  Coll.  [3330]. 
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ECHTNODERMATA. 

Ananekytes   Banfiddi,   S.   P.   Woodward    MS.     FI.   B.  Woodward' 

*'Geolo^  of  Norwich"  (1881),  p.  27.     Flint  Gravel 

Norwich.     S.  Woodward  Coll.  [^232]. 
AiUrias    lunatns,    S.    Woodward.      S.    Woodward,    **  Geology    of 

Norfolk"  (1833),  tab.  v.  fig.  1.     "Hard  Chalk"  :    WeiH 

Norfolk.     S.  Woodward  Coll.  [3307].     Type. 
OpUura  I^tchii,   Forbes    MS.      H.    B.   Woodward,    <'  Geology    of 

Norwich  "  (1881),  p.  27.     Flint  Gravel :  Norwich.     Fitoh 

Coll.  [2294]. 
SpatanguM  excentricm.  Rose.     S.  Woodward,  "  Geology  of  Norfolk  " 

(1833),  p.  57,  pi.  i,  fig.  5.     Flint  Gravel :   near  Norwich. 

S.  Woodward  Coll.  [3308]. 

GASTEROPODA. 

Buednum  Dalei,  J.  Sow.     S.  V.  Wood,  *'Orag  Moll.,"  Suppl.  (1872), 

p.  16.     Fluvio-marine  Crag:  Postwick,  Norwich.     Reeve 

Coll.  [829]. 
Ca%nB  aveUana,   Brong.      S.  Woodward,   "  Geology   of  Norfolk " 

(1833),   tab.  vi,  fig.  22.     Upper  Chalk  :   Norwich.     P. 

Woodward  Coll.  [2107]. 
Cmihium  derivaium.  S.  V.  Wood.     S.  V.  Wood,  *'  Crag  Moll.,"  2nd 

Suppl.    (1879),   p.   39,    woodcut      Fluvio-marine  Crag: 

Bramerton,  Norwich.     Reeve  Coll.  [754].     Type, 
Cerithium   Oreenii  (?),  Adams.     S.  V.  Wood,  ibid.,  p.  23,  tab.  iv, 

fig.  16  (Sandbergeria  Beevei,  S.  V.  Wood  MS.).    Cbillesfonl 

Beds  :  Bramerton,  Norwich.     Reeve  Coll.  [755]. 
Cerithium  unicarinatum,  S.  Woodw.      S.  Woodward,   "  Geology  of 

Norfolk  "  (1833),  tab.  vi,  fig.  21.     Upper  Chalk  :  Harfonl 

Bridge,  Norwich.     S.  Woodward  Coll.  [2106].     Type, 
Chemniizia  internodula  (?),  S.   V.   Wood,    var.  ligata,  S.  V.  Wood. 

S.  V.  Wood,  "  Crag   Moll.,"  2nd   Suppl.   (1879),  p.  24, 

tab.  ii,  ^fr,  11.    Fluvio-marine  Crag:  Bramerton,  Norwich. 

Reeve  Coll.  [570]. 
Hydrobia  obttisa,  Sandb.     S.  V.  Wood,  ibid.,  p.  30,  tab.  iv,  fig.  7. 

Fluvio-marine  Crag  :   Bramerton,  Norwich.     Reeve  Coll. 

[756]. 
lAmnaa  auricularia,  Linn.     S.  V.  Wood,  ibid.,  p.  36,  tab.  iv,  fig.  Sa, 

Fluvio-marine  Crag :  Bramerton,  Norwich.      Reeve  Coll. 

[767]. 
Limiuta  palustris,  Miill.     S.  V.  Wood,  ibid.,  p.  37,  tab.  iv,  fig.  2. 

Fluvio-marine  Crag :    Bramerton,  Norwich.     Reeve  Coll. 

[584a]. 
Margarita  argeniata  (?),  Gould.     S.  V.  Wood,  "  Crag  Moll.,"  Suppl. 

(1872),  p.  84,  tab.  v,  fig.  12.     Chillesford  Beds:  Aldeby, 

Suffolk.     Crowfoot  and  Dowson  Coll.  [896]. 
Odoiiamia  (?)  derivata,  S.  V.  Wood.     S.  V.  Wood,  **  Crag  Moll.," 

2nd  Suppl.  (1879),  p.  40,  woodcut.     Fluvio-marine  Gx«»:^\ 

Bramerton,  Norwich.     Reeve  Coll.  [758}. 
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Odoitamia  Reevei,  S.  V.  Wood.     S.  V.  Wood,  "  Crag  Moll.,"  81 

SappL  (1882),  p.  9,  tab.  i,  fig.  12.     Fluvio-marine 

BramertOD,  Norfolk.    Heeve  Coll.  [762].     Type. 
OdoBtomia  sp.     S.  V.  Wood,   "Crag  Moll.,"  2iid  Suppl.  (1879] 

p.  40.     Flavio-marine  Crag :  Bramertou,  Norfolk.     Beev^ 

Coll.  [769]. 
Paludestrina  Beevei,  A.  S.  E.  &  B.  B.  W.     A.  S.  Eenuard  &  B. 

Woodward,  Proc.  Malac.  Soc.,vol.iii  (1899),  p.l98,  woodcul 

Norwich   Crag :    Blake's  Pit,   Bramerton.      Reeve    Coll 

[767].     Type, 
Fiipa  edenttda,   Drap.      S.  V.  Wood,  "Crag  Moll.,"   2nd  Suppl 

(1879),   p.   37,   tab.   iv,   fig.   6.      Fluvio  -  marine  Crag 

Bramerton,  Norwich.     Reeve  Coll.  [760], 
rnrpura  lapiUus,  Linn.     S.  V.  Wood,  ibid.,  p.  5.  tab.  i,  fig.   It 

Flnvio-marine  Crag :    Bramerton,  Norwich.     Reeve  Coll 

[616a]. 
Jtibsoa  praxima,  Alder.     S.  V.  Wood,  ibid.,  p.  40.     Fluvio-marim 

Crag  :  Bramerton,  Norwich.     Reeve  Coll.  [761]. 
Saudbergeria  Beeoei,  S.  V.  Wood  MS. ;  vide  Cerithium  Greenii,  Adam 

[765]. 
Sealaria  Trevdyana,  Leach.  S.  V.Wood,  "  Crag  Moll.,"  Suppl.  (1872] 

p.  68,  tab.  iv,  fig.  G.     Chillesford  Beds :  Aldeby,  Sufibll 

Crowfoot  and  Dowson  Coll.  [906]. 
Trophon    antiquw,    Linn.,    var.    carinalus    contrariu$,    S.   V.   Wood0 

S.  V.  Wood,  **Crag  Moll.,"  Suppl.  (1872).  p.  19,  tab.  CZ 

fig.  10a.     Flu vio- marine  Crag :   Bramerton  (?),  Norwich^ 

Captain  Alexander  [849]. 

LAMELLIBRANCHIATA. 

CtdteUuspellucidus  (;>),Fenn.  S.V.Wood,**  Crag  Moll.,"  Suppl.  (1874)  ^ 
p.  148,  tab.  X,  fig.  14.  Chillesford  Beds  :  Aldeby,  Suffolkr-- 
Crowfoot  and  Dowson  Coll.  [928]. 

Ittoeeramus   iatus,   Mant.      S.   Woodward,    "Geology   of  Norfolk'' 
(1833),  tab.  i,  fig.  7.     Flint  Gravel :  Norwich.     S.  Wood-^ 
ward  Coll.  [2229]. 

Lasaa  intermedia,  S.  V.  Wood.  S.  V.  Wood.  "  Crag  Moll.,"  Suppl  - 
(1874),  p.  123,  tab.  x,  fig.  226.  Chillesford  Beds  :  Aldeby  ^ 
Suffolk.  Crowfootand  Dowson  Coll.  [982].  Type.  [Probablj^ 
the  figured  specimen,  S.  V.  W.  MS.J 

Lueina  borealis,  Linn.  S.  V.  Wood,  ibid.,  p.  128,  tab.  ix,  fig.  6^- 
Chillesford  Beds :  Aldeby,  SuflFolk.  Crowfoot  and  Dowsox^ 
Coll.  [937]. 

Lueinopais  undata,  Penn.  S.  V.  Wood,  ibid.,  p.  129,  tab.  ix,  fig.  4  ' 
Chillesford  Beds  :  Aldeby,  SuflFolk.  Crowfoot  and  Dowsoc=^ 
Coll.  [938]. 

Oiirea  alaformis,  S.  Woodw.  S.  Woodward,  "  Geology  of  Norfolk*  ^ 
(1883),  p.  48,  Ub.  vi,  ^g,  3.  Upper  Chalk :  Norwich^ 
S.  Woodward  Coll.  [2100].     Type. 
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€hirea  iriaugularis,  S.  Woodw.     S.  Woodward,  ibid.,  tab.  vi,  fig.  7. 

Upper  Chalk  :  Ebirford  Bridge,  Norwich.     S.  Woodwani 

Coll.  [2099].     Type. 
J^fteten  prineeps,  J.  Sow.,  var.  pseudo'princepsy  S.  V.  Wood.     S.  V. 

Wood,  "  Crag  Moll.,"  Suppl.  (1874),  p.  103.  tab.  viii,  fig.  96. 

Fluvio-marine     Crag  :      Brainerton,    Norwich.      Captain 

Alexander  [873]. 
JHnma  auleaia,  S.  Woodw.      S.  Woodward,  "Geology  of  Norfolk" 

(1833),  tab.  V.  fig.  23.      Upper  Chalk :   St.  Giles'  Gate, 

Norwich.     S.  Woodward  Coll.  [2111]. 
Siliquaria  parva,  Speyer.     S.  V.  Wood,  "Crag  Moll.,"  2nd  Suppl. 

(1879),  p.  40;  3rd  Suppl.  (1882),  p.  11,  tab.  i,  figs.  16a,  h. 

Fluvio-marine  Crag :   Bramerton,  Norwich.    Reeve  OoU. 

[763]. 
SpmdyluB  Dutempleanus,  D*Orb.      H.  Woods,  "  Cret  Lamell."  (Pal. 

Soc,  1901),  pi.  xxiii,  figs.  3,5.      Upper  Chalk:   Norwich. 

Fitch  Coll.  [2113,  2114]. 

BRACHIOPODA. 

Crania  striatay  Rose.     S.  Woodward,  "  Geology  of  Norfolk  "  (1833), 

p.  48,  tab.  vi,  fig.  15.     Upper  Chalk :   Harford  Bridge, 

Norwich.     S.  Woodward  Coll.  [2231]. 
•Kingena  lima  (Defr.).     Davidson,  "  Cret.  Brachiopoda  "  (Pal.  Soc, 

1852),  p.  45,  pi.  iv,  figs.  17,  19.     Chalk  :   Letheringsett. 

Rose  Coll.  [3219]. 
Davidson,    ibid.,    p.   45,    pi.    iv,    fig.    20.     Upper    Chalk: 

Norwich.     Fitch  Coll.  [2060]. 
Jiagaa  pumilus.   Sow.      Davidson,  ibid.,  p.   24,  pi.  ii,    figs.   7,  8. 

Chalk  :  Letheringsett.     Rose  Coll.  [3218]. 
Mhynehonella  limbata  (Schl.).     Davidson,  ibid.,  p.  80,  pi.  xii,  figs. 

1,  2,  3  [fig.  3  not  found].    Upper  Chalk  :  Norwich.    Fitch 

Coll.  [2065]. 
BhynehoneUa  plicatiliB,  Sow.,  var.  octoplicata,  Sow.     Davidson,  ibid., 

p.  78,  pi.  X,  figs,  l-ll  [=  8  specimens].     Upper  Chalk: 

Norwich.     Fitch  Coll.  [2068]. 
Bhynchonella    plieaiilis,   Sow.,   var.    Woodwardii,   Dav.      Davidson, 

ibid.,  p.  79,  pi.  x,  figs.  43,  44.     Upper  Chalk :    Norwich. 

Fitch  Coll.  [2069]. 
Terebratula  hiplicata  (Brocchi),  var.  DiUempleana,  D'Orb.    Davidson, 

ibid.,  p.  57,  pi.  vi,  figs.  1,  2.     Red   Chalk  :    Hunstanton. 

Fitch  Coll.  [2830]. 
Terebratula    eapillaiay    D'Archiac.      Davidson,    ibid.,   p.   46,  pi.  v, 

fig.  12.     Red  Chalk  :  Hunstanton.     Fitch  Coll.  [2833]. 
Terebratula  camea,  Sow.,  var.  elongata,  Sow.    Davidson,  ibid.,  p.  70, 

pi.    viii,    fig.    3.     Upper   Chalk :     Norwich.     Fitch    Coll. 

[2072]. 
Terebratula  obesa,  Sow.     Davidson,  ibid.,  p.  54,  pi.  v,  figs,  13,  14. 

Upper  Chalk  :  Norwich.     Fitch  Coll.  [2074,  2075]. 
Terebratulina  gracilis  (Schl.).     Davidson,  ibid.,  p.  40,  pi.  ii,  fig.  14. 

Upper  Chalk  :  Norwich.     Fitch  Coll.  [20B\;\. 
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Terfibraiultna  striata  (Wahl.).     Davidson,  ibid.,  p.  38,  pi.  ii,  fi^  II 
Upper  Chalk :  Norwich.     Fitch  Coll.  [2080]. 

rngtmosemus    elegans,    Eoenig.      Davidson,    ibid.,    p.   30,   pL   iv^^ 
figs.  1,  2.     Upper  Chalk :  Norwich.     Fitch  ColL  [2079}  ^ 

POLYZOA. 

Flmtra   foUaeea    (?),   S.  Woodw.     S.    Woodward,    '' Oeology  o^ 
Norfolk"  (1883),  tab.  i,  fig.  4.     Flint  Gravel:  Norwich^ 
8.  Woodward  [2228 J.     Tyjpe. 

SPONGIDA. 

VmUrienliiM  infundibuliformis,  S.  Woodw.  S.  Woodward,  *'  G^logjr 
of  Norfolk"  (1833),  tab.  iv,  fig.  21.  Upper  Chalk  r 
Norwich.     S.  Woodward  Coll.  [2222].     Type. 

The  following  specimens  have  not  been  found : — 

Mastodon  angusHdens,  Kaup.    Molar  tooth,  figured  by  Owen,  "  Brit  ^ 

Fo88.  Mamm."  (1846),  p.  283,  fig.  98. 
Rhfnehonella  limhata  (Sobl.),  figured  by  Davidson,  ''Cret.  Braohio^ — - 

poda"  (Pal.  Soa,  1852),  pi.  xii,  fig.  3. 
AMsminea    Orayana    (?),    Leach,   figured   by  S.  V.  Wood,    **  Crag' 

Moll.,"  2nd  Suppl.  (1879),  tab.  iii,  fig.  18. 

I  am  much  indebted  to  Mr.  James  Reeve,  F.Q.S.,  Curator  of  th(? 
Norwich  Castle  Museum,  without  whose  long  and  intimate  knowledge 
of  the  collection  this  list  could  not  have  been  satisfactorily  completed. 
My  thanks  are  also  due  to  Dr.  A.  Smith  Woodward,  F.R.S.,  of  the 
British  Museum  (Nat.  Hist.),  for  his  kind  encouragement. 
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I. — Thb  Sgbnbky  of  England  and.  tuk  Cau'sbs  to  weigh  it  u 
Dim.  By  the  Kight  Hon.  Lord  Ayebubt  (Sir  John  Lubbock, 
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Price  16«.  nett.) 

(PLATES  XIII  AND  XIV.) 

ri^HE  name  of  Lubbock  is  one  to  conjure  with,  and  has  for  so  many 
X  years  arrested  public  attention,  and  become  "  familiar  io  their 
mouths  as  household  words,"  that  it  is  no  easy  matter  to  abandon  the 
memory  of  it,  or  to  recognize  our  esteemed  and  valued  friend  under 
his  new  guise,  however  high  be  the  dignity  which  the  title  confers. 

In  his  capacity  as  a  popular  writer  it  may  be  truly  said  of  the 
author  Nihil  quod  tetigit  sed  ornavit,  and  certainly  the  field  of  his 
discourses  has  been  wide  indeed.  From  1865,  when  he  wrote  on 
Prehistoric  Times ;  Primitive  Man ;  and  the  Origin  of  Civilisation  ; 
to  the  Use  and  the  Pleasures  of  Life,  and  the  Beauties  of  Nature ; 
of  Flowers,  Fruit,  and  Leaves  ;  of  British  Wild  Flowers ;  of  Inaeota; 
Ants,  Bees,  and  Wasps;  and  many  other  ''Chapters  in  Popular 
Natural  History  "  ;  we  pass  on  to  the  **  Scenery  of  Switzerland,'* 
and  now  to  that  of  England  itself. 

In  the  writings  of  the  early  fathers  we  find  the  surface  of  the 
primitive  earth  described  as,  originally,  perfectly  smooth,  but  after 
the  wickedness  of  mankind  had  brought  upon  it  the  Noachian 
Deluge  the  fountains  of  the  great  deep  were  broken  up,  and  the 
ruptured  portions  of  the  heretofore  united  crust  floated  about  on  the 
liberated  waters  and  became  continents  and  islands,  according  to 
their  sizes,  whilst  other  pieces  of  the  crust,  being  forced  upon  their 
beam  -  ends,  became  converted  into  mountain-chains.  This  is  a 
simple,  if  not  very  accurate  explanation  of  Nature  ;  but  the  careful 
study  of  geology  in  the  past  hundred  years  has  led  to  our  being  shown 
a  more  excellent  way  of  interpreting  the  groundwork  of  Nature. 
We  find  that  many  and  varied  forces  have  contributed  to  bring 
about  the  present  configuration  of  our  earth's  surface,  and  although 
the  main  land-masses  and  the  deeper  oceanic .  depressions  were 
doubtless  sketched  out  in  Paleeozoic  times,  yet  the  minor  details 
resulting  from  later  sedimentary  deposits  in  shallower  seas,  the 
elevation  of  mountain-chains,  the  carving  and  shaping  of  land- 
surfaces,  and  the  production  of  plateaux  and  steppes,  of  hills  and 
valleys,  all  in  fact  which  constitutes  our  scenery,  is  but  a  thing 
of  yesterday,  geologically  speaking,  although  the  expression  "old 
as  the  hills  "  still  remains  perfectly  true  when  comparing  Nature's 
smallest  operations  with  the  pigmy  events  and  periods  in  man's 
ephemeral  calendar  of  existence. 

When  one  looks  at  the  long  array  of  geological  textbooks  upon 
one's  bookshelf  it  seems  at  first  difficult  to.  accept  the  justice  of 
Lord  Avebury's  indictment  that  our  geological  literature  is  very 
much  scattered,  that  it  has  to  be  sought  for  in  innumerable  memoirs. 
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or  in  the  publications  of  learned  and  often  of  local  societies ;  but 
there  is,  after  all,  much  truth  in  this  aspect,  and  more  still  in  the 
fact  that  very  few  of  our  geological  writers  possess  the  happy 
method  of  placing  the  dry  bones  of  our  science  in  an  attractive 
manner  before  the  ordinary  reader,  or  can  show  that  there  is 
I  romance  and  poetry  in  the  geological  aspect  of  '*  hill  and  dale  and 
vooded  grove,"  which  may  even  move  the  commonplace  reader, 
)r  the  ordinary  man  in  the  omnibus,  to  enquire  what  are  the  causes 
?htch  have  brought  about  the  present  scenery  of  England. 

In  the  earlier  days  of  our  science,  geological  observers  dealt 
argely  in  cataclysmic  and  paroxysmal  action,  and  firmly  believed 
Q  the  sea  as  the  great  <lenuding  agent,  assisted  by  the  frequent  and 
ften  sudden  elevation  or  subsidence  of  the  land  by  volcanic  or 
arthquake  movements,  and  that  to  these  agencies  the  wearing  away 
nd  carving  out  of  the  land  were  chiefly  due. 

One  is  readily  impressed  by  noise  and  commotion  ;  thus  the  loud 
triking  of  the  clock  affects  one's  nerves  more  forcibly  than  the 
entle  yet  couHtant  oscillation  of  the  pendulum,  doing  its  ceaseless 
et  silent  work.  So,  too,  in  Nature  the  lightning  and  thunder  of 
!ie  tempest,  the  eruption  of  the  volcano,  the  violence  of  the 
arthquake,  and  the  roar  of  the  storm-swept  sea,  vividly  impress  our 
nagination  ;  but  it  needs  a  careful  observer  to  appreciate  the  work 
f  her  quieter  but  ceaseless  agents,  the  sun,  the  atmosphere,  frost, 
DOW,  and  ice,  and  her  constant  carriers,  rain  and  rivers. 

Lord  Avebury  cites  Mackintosh's  *'  Scenery  of  England  and 
\^ale8  '*  ''  as  an  illustration  of  a  work  written  under  the  belief  that 
be  configuration,  and  consequently  the  scenery,  was  mainly  due  to 
larine  action."  '*  Subsequent  researches  have  led  to,  I  think, 
general  agreement  that  subaerial  action  has  been  the  predominant 
artner."  Again,  "The  sea"  (writes  the  author)  "can  only  act 
long  the  coast-line ;  rain  is  ubiquitous."  "  Sea-erosion  is  horizontal 
nd  leaves  headlands ;  rain-erosion  is  vertical  and  leaves  hills ; 
long  the  coast  the  harder  rocks  stand  out,  inland  they  stand 
p  "  (p.  136). 

It  was  because  of  their  apparent  insignificance  that  rain  and 
I  vers,  frost,  snow,  and  ice  were  at  first  neglected  by  geologists ; 
ow  we  see  the  vast  importance  of  these  agents,  whilst  still  crediting 
le  sea,  the  volcano,  and  earthquake  with  their  due.  In  the  pages 
f  this  Magazine  may  be  found  numerous  articles  by  Mr.  Poulett 
crope  (1866),  Sir  A.  Geikie,  Mr.  W.  Whitaker  (1867),  Colonel 
rreenwood,  and  many  other  writers,  showing  how  fully  the  effect 
f  subaerial  denudation  has  been  understood  and  advocated  by  all 
Ivanced  geologists  long  since. 

But  to  return  to  "The  Scenery  of  England."  The  first  two 
bapters  are  devoted  to  sedimentary  and  other  geology,  and  give 
je  reader  au  epitome  of  the  igneous  and  sedimentary  rocks  from  the 
irohsean  to  the  Quaternary,  the  latest  having  by  far  the  larger 
bare  of  space  given  to  them,  for,  although  the  youngest  and  most 
aperficial  deposits,  they  affect  the  present  surface  of  the  ground, 
nd  often  mask  the  older  rocks  beneath  Drift  and  Bow\d«t-cX«k.^  ^  ^x 
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beds  of  gravel  and  sand,  erratics  or  peat.  The  cUapters  whioli 
follow  deal  with  the  general  Configuration  of  our  Island ;  the 
Ooast;  the  Origin  of  Mountains;  Yoloanoes;  the  History  of  Riven, 
their  Courses ;  Lakes ;  the  Influenoe  of  Rooks  on  Scenery  ;  Downs, 
Wolds,  Fens,  Moors,  and  Commons ;  Law,  Custom,  and  Soenery ; 
Sites  of  Towns ;  and  Conclusion. 

The  full  enjoyment  of  our  scenery  can  only  be  realized  by  thoie 
who,  while  admiring  its  pioturesqueness,  recognize  that  the 
wonderful  story  of  its  origin  and  development  is  still  more  absorbing. 
It  is  no  longer  difficult  to  acquire  an  elementary  knowledge  of 
the  mode  of  deposition  of  the  sedimentary  rocks,  of  their  position  in 
the  geological  series,  and  of  the  fossils  which  characterize  them. 

To  those  who  have  not  already  studied  the  subject,  the  first 
chapters  in  Lord  Avebury's  book  will  provide  a  most  useful  intro- 
duction, and,  like  the  draught  and  pills  of  the  apothecary,  the  book 
may  be  accompanied  by  a  dose  of  Woodward's  Table  of  British 
Strata  and  Geikie's  Geologically  Coloured  Map  of  England  and 
Wales,  each  hanging  from  its  appropriate  nail  on  the  library  wall 
ready  for  reference.  As  a  matter  of  necessity  in  such  a  book, 
mountains,  hills,  rivers,  and  lakes  occupy  an  important  place,  and 
of  necesHity  fill  a  large  space  (eight  chapters  and  nearly  250  pages) 
in  the  scenery  of  England. 

And  here,  parenthetically,  we  would  venture  to  ask  his  Lordship, 
since  he  includes  Wales  in  his  book,  why  does  he  not  call  it  the 
**  Scenery  of  England  and  Wales'*?  It  must  be  on  the  principle 
that  the  greater  includes  the  less ;  nevertheless,  the  Principality, 
with  a  population  of  1,698,161  and  a  Prince  of  its  own,  will  surely 
rise  up  to  a  man  ''  to  know  the  reason  why  **  Suowdon  is  spoken  of 
as  ''  our  loftiest  Engluh  mountain  "  I  Spirit  of  Owain  Glyndwr  du 
(Owen  Glendower),  awake!  arise  !  defend  thy  heritage  as  of  old. 

There  are  few  points  in  the  physical  geography  and  soenery  of 
our  country  which  can  be  explained  without  a  clue  from  its 
geological  construction.  In  the  peculiar  courses  folio weil  by  some 
of  our  rivers,  which  ocoattionally  take  an  apparently  inexplicable 
turn  at  nearly  a  right  angle,  the  secret  may  lie  in  the  direction 
taken  by  great  lines  of  fracture  in  the  rocks.  In  general  the  great 
lines  of  uplift  and  the  varying  nature  of  the  rocks  have  exerted 
most  influence.  The  subject  is  a  complex  one,  but  the  history  of 
rivers  is  fully  dealt  with  by  the  author  in  the  light  of  the  most 
recent  researches  on  the  subject. 

It  is,  perhaps,  unfortunate  that  figures  should  ever  be  used  to 
express  the  immensity  of  geological  time.  There  are  few  readers 
who  can  realize  the  meaning  of  100,000,000  years,  which  the  author 
says  must  have  elapsed  since  the  commencement  of  life  on  our 
planet,  or  of  200,000  years  since  the  beginning  of  the  Glacial 
Period,  or  even  of  the  50,000  years  before  our  time  at  which  that 
period  may  have  ended.  Geological  time  is  better  expressed  in 
terms  of  the  changes  which  have  taken  place  during  its  progresit. 
"The  top  of  Suowdon  was  once  the  bottom  of  a  valley";  "Our 
Scotch  and  Welsh  mountains  are  so  low  because  they  are  so  old,'*^ 
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I  oompared  with  the  Alps,  Himalayas,  and  other  ranges,  whioh  are, 
deed,  all  newer  than  the  London  Olay.  Phrases  such  as  these 
itiFey  the  idea  of  geological  time  better  than  ciphers. 

In  the  later  chapters  we  seem  to  be  walking  by  the  side  of  the 
riter  by  rivers,  lakes,  and  sea-shore ;  over  downs,  fens,  moors,  and 
^mmons.  Everything  he  tells  us  is  full  of  interest,  and  he  leaves 
ilhing  untouched.  Geology,  scenery,  animal  life,  botany,  history, 
icient  laws  and  customs,  anecdote,  poetry,  all  are  there.  As  to 
lastration,  the  book  may  be  considered  as  a  small  but  very  choice 
aotographic  album  of  English  scenery.  We  introduce  two  only,  out 
!*  nearly  200  pictures,  but  they  are  all  so  excellent  in  their  several 
mys  that  one  needs  the  book  itself  to  realize  how  good  they  are. 

In  his  preface  the  author  says :  ''  If  the  book  be  half  as  interesting 
»  read  as  I  have  found  it  to  write,  I  may  venture  to  hope  that  it 
lay  serve  as  an  introduction  to  this  fascinating  branch  of  science.*' 
t  is  not  only  interest  that  Lord  Avebury  introduces  into  his  subject, 
ut  enthusiasm.  J.  A.  W. 

I.— Gkolooical  Survey  of  Canada.  G.  M.  Dawson,  O.M.G., 
LL.D.,  F.B.S.,  Director.  Annual  Report  (New  Series),  Vol.  XI  : 
Reports  A,  D,  F,  G,  J,  L,  M,  R,  S.  Plates  and  Maps.  (OlUwa  : 
S.  E.  Dawson,  1901.) 

IIEFORE  beginning  this  notice  of  the  work  of  tlie  Canadian 
D  Geological  Survey  the  writer,  as  an  old  friend  and  former 
olleague  of  the  late  Director,  craves  permission  to  record  his 
eep  regret  at  tbe  great  loss  suffered  by  the  Survey  in  the  death 
f  their  chief,  a  loss  which  seriously  affects  alike  geological  science 
t  large  and  that  of  the  country  which  was  the  field  of  his  labours. 
The  Summary  Report  (A)  by  the  late  Director  need  only  be 
riefly  touched  upon,  as  it  relates,  for  the  most  part,  to  work  which 

15  already  been  passed  under  review  in  this  Magazine.  It  concerns. 
I  usual,  the  explorations  and  surveys  in  progress  at  the  time,  the 
iblications  connected  with  the  museum,  and  the  work  carried  on 
lere  and  in  the  offices  attached  to  it.  Perhaps  the  most  interesting 
nervations  are  those  relating  to  the  Klondike  Gold  District  by 
Messrs.  R.  G.  McConnell  and  J.  Burr  Tyrrell.  We  learn  from  them 
lat  the  productive  area   traversed   by   the  gold-bearing  creeks  is 

000  square  miles.  The  gold  occurs  in  the  gravel  flooring  at  the 
>ttom  of  the  valleys,  and  in  stream-terraces  lining  their  lower 
opes.  The  gravels  rest  on  an  irregular  floor  of  decomposed  mica- 
hist  and  quartz-schist,  underlying  which  is  a  quartzose,  micaceous. 
id  sericitic  schist  (the  rock  of  the  district),  of  sedimentary  or 
dcanio  origin,  highly  altered  by  dynamic  agencies.  This  rock 
of  early  Palaeozoic,  probably  Cambrian  age. 

The  great  richness  of  the  Klondike  placer  ground  depends,  tirnt. 

1  the  presence  of  a  highly  gold-bearing  rook,  and  secondly,  on 

16  occurrence  of  a  set  of  conditions  peculiarly  favourable  to  the 
mcentration  of  the  precious  metal. 

Mr.  D.  B.  Dowling's  report  (F)  treats  of  the  geology  of  tU^  yi^^^v 
lore  and  islands  of  Lake  Winnipeg,  the  notes  prepared \>^  ^t.  i. ^^. 
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Tyrrell,  his  predecessor,  being  used  to  make  the  descriptions  of  the 
formations  more  complete.  Tlie  first  part  of  the  report  is  oooapied 
with  a  detailed  account  of  the  physical  geography  of  the  area 
surveyed.  A  table  is  given  correlating  the  formations  of  Manitoba 
and  Minnesota,  and  a  long  list  of  fossils  from  the  Oambro-Siluriin 
(Ordovician)  of  Manitoba,  including  those  of  the  Trenton  and  Black 
Biver  of  Lake  Winnipeg  compiled  from  the  "Palsdozoic  Fossils," 
vol.  iii,  of  Dr.  J.  F.  Whiteaves. 

The  next  report  (G),  by  Mr.  J.  Burr  Tyrrell,  "On  the  east  shore 
of  Lake  Winnipeg  and  adjacent  parts  of  Manitoba  and  Eeewatin," 
is  compiled  by  Mr.  Bowling  from  Mr.  Tyrrell's  notes  and  surveys. 
It  takes  the  shape  of  a  description  of  the  lake,  starting  from  the 
northern  end  and  going  southward.  A  carefully  prepared  topo- 
graphical and  orographical  account  serves  as  an  introduction;  the 
geological  features  follow.  The  rocks  are  Archaaan,  the  great 
preponderance  of  gneisses  and  granites  of  the  Laurentian  being  the 
chief  feature ;  there  are  also  local  occurrences  of  Huronian  green- 
stones and  schists.  A  coloured  geological  map  of  the  lake  on 
a  scale  of  8  miles  to  1  inch  accompanies  this  report. 

Dr.  R.  W.  Ells  contributes  a  report  (J)  on  the  geology  of  the 
area  comprised  in  the   north-west  quarter-sheet  of  the  "  Ejastem 
Townships  "  map,  or  Three  Rivers  sheet,  of  the  Province  of  Quebec. 
The  Palaeozoic  formations  observed  ai*e   the  Potsdam,  Calciferoos, 
Chazy,  Black  River,  and  Trenton  to  the  north  of  the  St.  Lawrenoe 
River,  and  the  Utica,  Hudson  River,  and  an  outlier  of  the  Medina 
in  the  small  area  to  the  south  of  the  St.  Lawrence  included  in  the 
tract  of  country  surveyed.     Full   lists  of  the   fossils  obtained  are 
given,  their  identification  having  been  entrusted  to  the  competent 
hands  of  Dr.  H.  M.  Ami.     Some  crystalline  rocks  of  the  "Qrenville 
Series"  also  occur,  with    large  areas   of  anorthosite,  red  granite, 
augen-gneiss,  and  masKes  of  green    pyroxenic  diabase.     The  map 
accompanying  this  report  is  drawn  to  a  scale  of  4  miles  to  1  inch. 

Mr.  A.  P.  Low's  report  (L)  contains  an  account  of  his  exploration 
of  part  of  the  south  shore  of  Hudson  Strait,  and  of  Ungava  Bay. 
These  distant  expeditions  are  not  without  their  elementa  of  danger 
and  adventure,  and  the  narrative  of  the  voyage  in  a  sealing  steamer 
from  Halifax  to  Hudson  Bay  vid  the  Straits  of  Belle  Isle,  and  the 
subsequent  incidents  of  the  coasting  voyage  in  a  small  yacht  along 
the  shore  of  Hudson  Strait,  serve  fully  to  impress  this  upon  the 
reader.     Making   their   way   slowly   through    pack   ice,  and  with 
many  delays,  the  voyagers  reached  Hudson  Bay  on  the  12th  Jnl^r, 
having  lelt  port  on  the  3rd  June.     Leaving  the  steamer  in  King 
George  Sound  they  took  to  their  small  yacht.     The  route  lay  along 
the  coast  from  the  Sound  to  the  head  of  Ungava  Bay.     The  nature 
of  the  country,  as  far  as  could  be  seen  from   the  coast  and  from 
some  of  the  streams,  is  described  as  high,  rocky,  and  barren,  and  this 
<le8cription  is  fully  realized  in  the  illustrations  (from  photographs) 
which  accompany  the  report. 

The  long  line  of  coast  explored  in  the  limited  time  at  the  disposal 
of  the  expedition  admitted  only  of  a  hurried  examination  each  day* 
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rbe  rooks  met  with  were  all  found  to  be  of  great  antiquity,  all  more 
)r  less  altered  by  pressure  induced  by  intrusions  of  igneous  masses, 
rhich  folded  the  bedded  series  and  produced  foliation  in  much  of  the 
otherwise  massive  granites,  gabbros,  diabases,  and  other  greenstones. 
die  foliation  of  the  granites  shows  that  the  pressure  was  exerted 
rem  a  direction  varying  from  west  to  south-west.  Where  massive 
leds  of  cherts  and  quartzites  resisted  the  folding  action,  they  with 
heir  associated  beds  of  softer  shales  or  slates  have  been  shoved 
Dto  ridges  by  overthrust  faults,  giving  the  hills  cliff-faces  inland, 
vbile  their  seaward  slopes  conform  closely  with  the  dip  of  the  beds. 

The  gneisses  seem  to  be  metamorphic  products  of  several  rooks 
»f  different  age  and  origin.  Some  of  them  probably  represent  part 
>f  the  original  Archsdan  complex;  others  may  represent  granites 
>f  a  somewhat  later  date,  injected  into  the  first,  but  long  anterior 
to  the  time  of  deposition  of  those  sedimentary  beds  of  Labrador 
tbat  have  been  provisionally  classed  as  Cambrian. 

Glacial  action  has  left  its  traces  everywhere,  the  entire  coast 
having  at  one  time  been  covered  by  an  ice-sheet  sufficiently  thick 
to  override  the  highest  hills. 

A  short  chapter  on  the  marine  terraces  which  mark  the  limits 
of  the  subsidence  of  the  land  brings  this  interesting  report  to  a  close. 

Dr.  Bell's  report  (M),  which  follows,  deals  with  the  northern  side 
9f  Hudson  Strait.  Baffin  Land,  a  treeless  region  like  that  of  the 
leathern  side  of  the  strait,  is  made  up  principally  of  Lauren tian 
rocks ;  a  considerable  area,  however,  of  fiat  Silurian  limestone 
iiorders  the  western  shore  in  Fox  Basin,  and  extends  inland  to 
Lake  Nettilling.  Satisfactory  evidence  is  given  of  the  occurrence 
>f  the  Trenton  and  Utica  formations,  and  it  is  stated  on  the 
kothority  of  Professor  Schuchert,  of  the  United  States  National 
llnseum,  that  the  Baffin  Land  fauna  had,  like  that  of  Manitoba, 
va  early  introduction  of  Upper  Silurian. 

It  is  added  that  among  the  Arctic  islands  northward  of  Baffin 
Liand  large  areas  of  Upper  Silurian  rocks  are  known  to  occur 
Msociated  with  strata  of  Lower  Silurian  age. 

Three  appendices  contain  (1)  observations  of  latitude  made  by 
Dr.  Bell,  (2)  a  list  of  plants  collected  by  him  in  Hudson  Strait, 
[3)  a  short  list  of  Lepidoptera. 

The  soenic  features  of  the  country  are,  as  usual  in  these  reports, 
irell  brought  out  by  photographic  reproductions. 

Dr.  Hoffmann's  report  (E)  of  the  section  of  Chemistry  and 
Mineralogy  consists  of  mineralogical  notes  and  analyses  of  various 
inreB,  and  of  natural  waters,  also  gold  and  silver  assays. 

Mr.  E.  D.  Ingall  contributes  a  report  on  mineral  statistics  and 
mines  for  1898,  which  begins  with  a  general  table  of  the  mineral 
production  of  Canada  for  a  period  of  thirteen  years,  representing 
the  work  of  the  Mines  Section  of  the  Geological  Survey.  These 
statistics  show  that  Canadian  mining  industry  is  in  a  very  flourishing 
state. 

The  last  eighteen  pages  of  the  volume  are  devoted  to  a  N^t^ 
serviceable  index  in  double  columns.  Auth\3&  "&.  1^oo^\>. 
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OTTO    MARTIN    TORELL. 

(PLATE  XV.) 

Born  Junb  5,  1828.  Dibd  Sbptbmbbk  11,  1900. 

Throuqu  the  kindness  of  Mr.  Leonard  Holmstrom,  we  are  enable 
to  present  our  readers  with  an  excellent  portrait  of  the  late  Professo 
Torell,  who  from  1871  to  1897  was  head  of  the  Geological  Surve 
of  Sweden.  The  portrait  originally  accompanied  a  long  article  b 
Mr.  Holmstrdm  in  Qeologiska  Foreningen  i  Stockholtns  Fdrkaudlingt 
(xxiii,  Hiift  5)  issued  at  the  close  of  last  year.  Space  does  m 
permit  us  to  puhlish  even  a  condensation  of  this  highly  interestii 
account  of  the  departed  geologist,  but  Torell  was  known  personal 
to  HO  many  of  his  oolleagueH  in  this  country,  which  he  frequent 
visited,  that  they  will  welcome  some  extracts  therefrom. 

Torell  wrote  little,  partly  from  a  disinclination  for  the  me 
physical  act,  partly  from  a  striving  after  that  completeness  whi* 
can  so  rarely  be  attained,  partly  from  a  carelessness  of  person 
fame,  and  partly  perhaps  because  he  was  rather  a  propounder 
new  ideas  than  a  patient  elaborator  of  detail.  His  influence  therefo 
on  the  geologists  of  the  world  was  not  quite  so  great  as  it  mig 
have  been  ;  but  on  those  of  his  own  country  it  was  enormoi 
Mr.  Holmstrom  goes  so  far  as  to  call  him  "in  one  sense  the  ereai 
of  Swedish  geology.  It  is  true  that  Sweden  could  show  men  emine 
in  that  branch  of  learning  before  To  roll's  time,  but  it  was  not  t 
his  coming  that  geology  was  generally  recognized  as  an  independe 
science.  He  founded  a  school  of  geology  in  the  University  of  Luc 
which  possessed  neither  professor,  nor  literature,  nor  collections  i 
its  study,  and  where  even  to-day  there  is  no  full  professorship 
the  subject.'* 

"  He  transformed  the  official  Geological  Survey  of  Sweden  io 
a  scientific  institution  of  high  rank.  He  himself  was  the  found 
of  a  truly  scientific  geology  of  the  Quaternary  period,  through  I 
genius  and  courage  in  championing  the  theory  of  a  general  glaciatii 
of  northern  Europe,  and  for  all  time  his  name  will  be  coupled  wi 
that  bold  hypothesis,  which  fought  its  way  to  victory  in  the  tee 
of  contempt  and  official  excommunication.'*  On  his  first  appearan 
before  the  German  Geological  Society,  the  geologists  of  Berlin  cou 
not  listen  to  him  with  patience  ;  but  five  years  later  they  made  hi 
a  chairman  at  their  annual  gathering. 

It  was  in  pursuit  of  evidence  for  or  against  his  theory  of  ; 
inland  ice- sheet  that  he  began  the  series  of  Arctic  expeditions 
which  Sweden  has  such  right  to  be  proud,  sacrificing  to  them  : 
small  part  of  his  own  means.  A.  E.  Nordenskiold,  who  was  1 
companion,  reminded  us  not  long  before  his  own  death,  that  Torel 
first  expedition  to  Spitzbergen  (1858)  was  made  in  an  ordina 
ey/n/rer- built   fishing-smack,   which    leaked   even   before    she    h 


Dec.  IV,  Vol.  IX.  PL  XV. 


^^ 


}= 


Obituary— Profesaor  Otio  M.  Torell.  23d 

roniso.  Several  of  Torell's  letters  to  Nordenskiold  are  quoted 
7  Mr.  Holmstrom,  and  it  is  interesting  to  read  the  words :  '*  for 
lany  years  the  quest  of  the  Pole  has  been  my  idie  fixe,*^  None 
le  less  the  Swedish  expeditions  have  never  been  mere  foolhardy 
r  sensational  attempts  to  beat  the  record  of  high  latitude,  but  have 
one  that  truly  scientific  character  which  Torell  impressed  on  them 
rom  the  first. 

Instigated  by  Loven,  under  whose  penetrating  influence  he  came 
t  the  age  of  20,  he  undertook  dredgings  at  Eristineberg,  where 
ow  is  the  Swedish  biological  station,  and  it  was  here  that  he  found 
^oldxa  aretica  in  the  fossil  state.  This  discovery  propounded  the 
Qestion  as  to  the  nature  of  former  Arctic  conditions  in  southern 
candinavia,  which  in  after  life  he  did  so  much  to  answer.  At  that 
me,  however,  the  medical  profession  was  his  goal,  and  while 
mducting  researches  in  comparative  anatomy  under  Lovon,  he 
[so  accompanied  htm  on  dredging  expeditions  in  yet  deeper  waters, 
id  accomplished  much  on  his  own  account,  especially  on  his  journey 
►  Iceland. 

Whether  as  teacher  at  Lund,  as  friendly  companion,  or  as  head 

an  official  establishment,  Torell  lost  no  opportunity  of  imparting 

me  of  his  own  enthusiasm  to  others,  whether  students,  politicians, 

wealthy  landowners.  He  freed  the  Survey  from  the  bonds  of 
rigorous  officialdom,  and  encouraged  the  independent  scientific 
jrk  of  the  members  of  his  staflF  in  every  possible  way.  But  eager 
ough  he  was  to  encourage  science  for  its  own  sake,  he  was  no 
}s  keen  to  apply  it  to  the  advantage  of  his  native  land.  He 
nducted  or  instigated  numerous  surveys,  both  official  and  private, 
the  agronomic  and  technical  geology  of  important  districts.  He 
anded  the  great  cement  industries  of  southern  Sweden,  bored  for 
[  in  the  Silurian  shales  of  Dalecarlia,  showed  the  towns  of  Lund, 
almd,  and  Helsingborg  how  to  get  a  constant  supply  of  pure 
tesian  water,  helped  to  develop  the  sea-fisheries  of  Sweden,  set 
1  foot  researches  into  the  marl  beds  and  phosphorite  beds,  and 
I  materials  suitable  for  the  enrichment  of  the  soil,  fostered  the 
.ilding-stone  industry,  sought  out  uses  for  the  vast  deposits  of  peat, 
18  a  pioneer  in  the  employment  of  water-gas,  promoted  railways 

exploit  the  resources  of  northern  Sweden,  and  toiled,  albeit 
isuccessfully,  at  the  problem  of  extracting  iron  directly  from  the 
ilm-ores. 

Torell  never  became,  as  he  intended  and  even  wished,  a  practising 
lysician.  But  ho  did  not  at  first  find  the  pursuit  of  pure  science 
latisfactory  career,  and  in  1867  he  even  had  thoughts  of  settling 
England,  which  shows  how  bad  things  must  have  been  with  him. 
jwever,  the  appointment  to  the  Geological  Survey  came  at  the  right 
)ment,  and  Sweden  kept  for  hersplf  one  of  her  most  eminent  men 
science  and  one  of  the  most  patriotic  of  her  sons. 

F.  A.  b; 
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Prbskntation  of  a  Gold  Medal  to  P&ofbssor  Albert  Oaudrt, 

Memb.  de  Tlnst.  de  France ;  For.  Merab.  Royal  and  Geologioft^ 

Societies,  London  ;  etc.,  etc. 
On  the  9tb  of  March,  at  the  Museum  d'Histoire  Naturelleof  Paris, 
a  gold  medal  was  presented  to  Professor  Albert  Gkudrj  by  hi« 
pupils,  friends,  and  admirers,  in  order  to  oommemorate  the  fiftieth 
anniversary  of  bis  connection  with  the  Museum.  Over  forty  French 
and  foreign  Academies  and  scientific  bodies  had  either  sent  delegates 
or  forwarded  written  addresses.  The  principal  speakers  were 
Professor  Edmond  Perrier,  Director  of  the  Museum,  Docteur  Maroellin 
Boule,  Gaudry's  pupil  and  assistant,  and  Monsieur  Liard,  "  Directeor 
de  TEnseiguement  superieur,"  representing  the  Government. 

In  Gaudry's  monumental    work  **  Animaux  fossiles  et  Geologie 
de   TAttique,"  as    well   as  in  all  his  other  publications,  the  two 
qualities    which    make    the    ideal    scientist    are    happily   blended 
together.     His  broad  speculations  are  solidly  rooted  upon  a  minute 
morphological  analysis,  accompanied  by  clear  and  concise  descriptions. 
It  will,  as  time  goes  on,  be  still  more  universally  and  gratefully 
acknowledged  than  at  present  that  Gaudry — and,  at  exactly  the  same 
time,  Hiitimeyer — were  the  first  palaeontologists  who  oourageooaly 
stood  up  for  the  doctrine  of  Evolution  with  solid  arguments  baaed 
on  laborious   researches.     This,  which   is   one  of  Gaudry's  chief 
glories,  was  duly  accentuated  in  M.  Boule's  discourse.     **  You  will 
never  know  sufficiently,  my  dearest  master,  how  large  has  been 
the    influence   you   exercised,  towards   1880,  on    the   youths  who 
frequented   the  natural   history  amphitheatres.      Tour   book   (JSii- 
ehainements  du  Monde  animal)   had  not  only  for    us  the  attraction 
of  a  splendid   scientific  work,  we  considered  it  also  as  an  act  of 
independence   and   of  courage.      In    fact,    twenty   years    ago,   the 
majority  of  our  professors  were  hostile  to  the  theory  of  Evolution ; 
some  of  them  kept  themselves  in  a  prudent  reserve  ;  very  few  were 
daring  enough  to  base  their  teaching  on  the  theory  of  evolution; 
they  had  for  adversaries  the  princes  of  science,  the  dispensers  of 
appointments  and  of  favours.     Your  ^nehainements  convinced  those 
naturalists  who  had  not  been  persuaded  by  argument  taken  from 
comparative  anatomy  or  embryology.     Your  conclusions  were  based 
solely  on  the  patient  study  of  facts ;  they  were  real  proofs,  and  have 
been  of  considerable  weight  in  ensuring  the  triumph  of  the  new  ideas.'* 

Besides  the  scientist  there  is  the  man.  *'  L'essence  de  votre 
nature  c'est  la  bonto,"  said  Boule  to  his  beloved  master,  and  all 
of  UR  who  enjoy  the  privilege  of  personal  acquaintance  with 
Professor  Gaudry  gladly  and  heartily  endorse  these  words. 

After  fifty  years  labour  devoted  to  the  building  up  and  arrangementof 
the  magnificent  collections  displayed  in  the  Museum  of  Palaeontology 
in  the  Jardin  des  Plantes,  Professor  Gaudry  retires  to  the  enjoyment 
of  his  well-earned  repose,  carrying  with  him  the  loving  regard  and 
earnest  good  wishes  of  a  very  wide  circle  of  friends  and  men  of 
Hoience  in  all  parts  of  the  world  in  which  his  name  and  writings 
have  become  known  and  warmly  appreciated.  F.  M. 
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I. — Crkbohbabbow  in  Purbeok. 

By  W.  H.  HuDLBSTON,  M.A.,  F.R.S.,  F.G.S. 

I.  Introductory. 

THE  Isle  of  Parbeok  possesses  numerous  points  of  geological 
interest,  and  its  coast  scenery  has  been  celebrated,  in  con« 
junction  with  that  of  Lulworth,  by  many  writers  and  artists.  The 
classical  work  of  Sir  Henry  Englefield,  assisted  by  Webster,  in  the 
tely  part  of  the  last  century,  served  to  make  known  some  of  the 
Qiost  interesting  features  of  the  coast,  such  as  are  more  or  less 
obvious  to  all  who  venture  to  sail  beneath  its  cliffs.  Of  late  years 
the  geology  of  the  Isle  of  Purbeck  has  attracted  the  attention  of 
the  officers  of  the  Geological  Survey,  and  has  come  in  for  a  con- 
siderable amount  of  description  at  the  hands  of  H.  B.  Woodward, 
Aubrey  Strahan.  and  Clement  Reid,  in  their  respective  departments. 
The  zones  of  the  Chalk  in  this  region  have  also  been  admirably 
described  by  Dr.  Rowe  and  his  coadjutors,  mostly  from  coast 
lections. 

The  interior  of  the  Isle  of  Purbeck  has  likewise  attracted  a  fair 
imount  of  attention,  and  those  who  have  participated  in  some  of 
^be  excursions  of  the  Geologists'  Association  during  the  last  quarter 
>f  a  century  will  not  be  altogether  ignorant  of  its  leading  features. 

One  of  the  chief  of  these  features  is  the  long  '  Purbeck  Hill,' 
insisting  of  a  narrow  outcrop  of  Chalk,  tilted  at  a  high  angle 
iowards  the  north,  which  stretches  from  Arish  Mel  I  Gap,  just 
mderneath  Lu  I  worth  Castle,  on  the  west,  to  Swanage  Bay  on  the 
^a8t.  The  celebrated  '  overthrust '  fault,  the  subject  of  many 
i  drawing  and  photograph,  is  seen  in  the  middle  of  the  Chalk 
Tormation  between  Ballard  Point  and  Old  Harry  on  the  northern 
liom  of  Swanage  Bay,  which  also  forms  the  most  easterly  point 
>f  the  Isle  of  Purbeck.  The  effects  of  this  fault,  or  axis  of  maximum 
tension,  may  be  traced  for  the  most  part  along  the  northern  slope 
[>f  the  Purbeck  Hill,  though  its  effects  are  not  so  obvious  as  in  the 
liulworth  district  further  to  the  west.  The  principal  fact  to  be 
lioticed  in  this  connection  is  that  the  so-called  Purbeck  Hill  may 
be  said  to  divide  the  Isle  of  Purbeck  into  a  southern  and  a  northern 
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area,  and  it  is  to  this  latter  region,  which  is  wholly  composed  o 
Tertiary  strata,  that  I  would  direct  attention. 

The  maximum  elevation  of  the  Purbeok  Hill  is  about  650  feet, 
and  its  average  height  might  be  somewhat  under  500  feet ;  it  is 
breached  at  Corfe  Castle,  whenoe  the  drainage  of  part  of  the  southern 
area  escapes  through  a  sort  of  double  gap  in  the  Chalk  to  flow 
across  the  low-lying  Tertiary  area  to  the  northwards.  Practically, 
with  this  exception,  the  Purbeck  Hill  presents  an  unbroken  range 
of  considerable  steepness  to  the  Tertiary  district  comprised  within 
the  Trough  of  Wareham,  and  which,  as  far  as  the  river  Frome,  is 
regarded  as  forming  a  portion  of  the  Isle  of  Purbeck.  Thei*e  is, 
however,  a  remarkable  object  which  breaks  the  somewhat  monotonous 
outline  of  the  long  Purbeck  Hill,  and  that  is  the  conical  figure  of 
Creechbarrow,  which  rises,  all  alone,  at  a  little  distance  northward 
to  a  height  of  637  feet,  and  is  composed,  not  of  Chalk,  but  of 
Tertiary  strata.  Seen  from  certain  points  Creechbarrow  looks  like 
a  pimple  on  the  Chalk  ridge  itself,  whilst  from  other  positions  its 
peculiar  outline  greatly  resembles  a  volcano,  and  when  there 
happens  to  be  a  gorse  fire  near  the  summit  this  impression  becomes 
almost  a  reality. 

Geologists  will  readily  understand  that  there  is  nothing  igneous 
about  Creechbarrow,  but  for  all  that  its  origin  is  extremely 
enigmatical.  Why  a  mass  of  Tertiary  beds  should  stand  out,  like 
a  sentinel,  in  front  of  a  long  line  of  Chalk  hills,  rivalling  these 
Chalk  hills  in  height,  whilst  the  bulk  of  the  Tertiary  strata  in  the 
neighbourhood  are  almost  wholly  below  the  300  feet  contour,  was 
always  a  puzzle  to  me,  as  it  evidently  was  to  the  earlier  members 
of  the  Geological  Survey.  Day  after  day  and  month  after  month 
at  intervals  during  the  past  four  years  have  I  noticed  that  graceful 
hill  under  every  conceivable  atmospheric  condition,  until  the  desire 
to  account  for  its  exceptional  presence  grew  stronger  within  me. 

Animated  by  these  sentiments  I  succeeded  in  inducing  the  chiefs 
of  the  Dorset  Natural  History  and  Antiquarian  Field  Club  to  arrange 
for  an  excursion  to  Creechbarrow  last  Summer.  The  Fates  accorded 
us  a  beautiful  day,  and  the  "  West  Purbeck  Meeting  "  on  the  21st  of 
August  last  was  attended  by  something  like  100  people.  Lord 
Eustace  Cecil  presided  in  the  absence  of  Mr.  Mansel  -  Pleydell 
through  illness,  and  under  his  auspices  I  endeavoured  to  expound 
my  views  from  that  airy  spot.  My  remarks  are  fully  recorded  in 
the  Proceedings  of  the  Dorset  Field  Club.* 

Amongst  other  points  that  were  urged  I  endeavoured  to  impress 
upon  the  meeting  the  exceptional  character  of  Creechbarrow,  and 
for  this  purpose  I  entered  into  the  physical  description  and  history 
of  the  Purbeck  Hill,  the  Trough  of  Wareham,  etc.,  at  some  length. 

Since  we  had  the  map  of  Nature  before  us  there  was  no  need 
of  a  diagram,  but  in  order  to  bring  the  subject  home  to  those  at 
a  distance  I  submit  the  accompanying  diagrammatic  sketch  of  the 
Trough  of  Wareham. 

^  Vo'.  xxii,  p.  liv. 
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This  diagram,  whioh  has  an  horizontal  extension  of  about  8  miles 
from  south  to  north,  is  intended  to  represent  the  general  to{K>graphical 
and  geological  structure  of  the  Trough  of  Wareham  on  a  meridian 
both  east  and  west  of  Creeehbarrow.  The  section  itself  may  be 
taken  more  particularly  to  represent  a  meridional  line  to  the 
westward  of  that  hill  drawn  through  West  Creech,  Binnegar*  and 
Bere  Heath.  Accurate  detail  is  not  attempted,  but  the  thoroughly 
exceptional  character  of  Creeehbarrow  can  be  gathered  from  the 
dotted  outline  of  the  hill  itself,  projected  on  the  section.  We 
perceive  at  a  glance  that  the  Tertiary  beds  in  this  hill  are  just 
twice  as  high  above  sea-level  as  they  are  in  the  normal  or  general 
section  between  the  Purbeck  Hill  and  the  Frome  River.  The  latter 
is  the  northern  boundary  of  the  Isle  of  Purbeck.' 

Having  thus  impressed  upon  the  meeting  the  thoroughly  ex- 
ceptional character  of  Creeehbarrow  in  its  relation  to  the  rest  of 
the  Tertiary  beds  in  the  neighbourhood,  I  next  endeavoured  to 
adduce  some  reasons  for  the  explanation  of  this  anomaly.  Premising 
that  hills.,  as  we  see  them  now,  are  the  outcome  of  certain  elevating 
forces  of  a  remote  period,  and  that  they  have  been  fashioned  by 
meteoric  agencies,  which  themselves  are  modified  by  various  internal 
and  external  peculiarities,  I  offered  three  possible  suggestions  or 
theories  to  account  for  the  existence  of  Creechbari-ow  as  we  now 
see  it,  and  for  its  exceptional  relation  to  the  Bagshot  Beds  of  the 
immediate  district,  which  largely  consist  of  potter's  clays  of  different 
qualities  (the  Pipeclay  beds). 

(1)  The  first  of  these  suggested  explanations  may  be  summed  up 
under  the  heading  ''  Exceptional  development  of  the  Creeehbarrow 
Beds  themselves."  It  is  well  known  what  valuable  workings  in 
the  clays  at  the  foot  of  the  Purbeck  Hill  have  been  carried  on 
for  nearly  a  century.  This  has  been  one  of  the  most  important 
industries  of  East  Dorset.  We  may  trace  the  line  of  the  old 
workings  exactly  as  if  drawn  on  a  map  all  the  way  to  Corfe  Castle. 
An  old  workman  who  had  long  been  engaged  on  this  business 
pointed  out  to  me  some  time  ago  that  Creeehbarrow  bulges  all  theie 
beds  and  throws  them  out  of  line.  Such  a  state  of  things  tends  to 
prove  that  there  is  something  peculiar  in  the  original  composition 
of  this  monticle.  It  may  be  inferred  also  from  the  above  statement 
that  the  Creeehbarrow  Beds  contain  no  potter's  clay.  An  inspection 
of  the  map  showing  the  curve  of  these  workings  will  prove  at  onoe 
how  correct  was  the  old  workman's  remark  about  the  bulging  of  the 
Pipeclay  series.'     So  much  for  theory  No.  1. 

(2)  The  second  explanation,  or  rather  suggestion,  had  reference 
to  the  proximity  of  the  great  thrust-plane  which  governs  the 
tectonic  constitution  of  so  much  of  the  Isle  of  Purbeck.     **  It  is 

*  The  general  structure  of  tlie  Trough  ol  "NVareham  is  no  doubt  that  of  an  undo- 
lating  syncline,  but  owing  to  the  softness  of  the  Bagshot  Beds  accurate  stratigraphy 
is  not  attainable.  I  am  inclined  to  belieTc  that  the  original  bottom  of  the  sjucliiw 
is  represented  bv  the  Plateau -gravel  on  Binnegnr  Plain,  and  that  both  the  Frome  awl 
Pudiile  Valleys  have  been  excavated  subsequently. 

2  Map  t«>  arconipaiiy  tlie  lorthc(»ming  paper  in  the  Proc.  Dorset  Field  Club. 
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represented  in  the  geological  map  as  passing  along  the  janotion 
of  the  Chalk  and  Tertiaries  about  300  yards  to  the  south  of  oar 
present  position  [i.e.  on  Creech  barrow].  It  is  qaite  possible  that, 
instead  of  sticking  to  that  route,  the  line  was  deflected  somewhat,  so 
that  the  thrust-plane  has  come  in  among  the  Tertiary  clays.  •  .  • 
1^6  great  thrust  from  the  north  has  pressed  these  clays  against  the 
hard  Chalk,  making  them  harder  and  fitter  to  withstand  the  forces 
of  denudation." '  Remarkable  instances  of  derangement  of  the 
strata  and  reversal  of  dip  have  been  experienced  in  the  pipeclay 
workings,  and  the  Chalk  itself  is  found  to  be  dipping  to  the  north 
at  an  angle  of  80^  at  the  limekiln  which  is  close  to  Creechbarrow. 
In  consequence  of  such  evidence  of  the  effects  of  the  Isle  of  Purbeck 
thrust-fault  in  this  immediate  district,  it  occurred  to  me  at  that 
time  that  exceptional  tectonic  forces,  locally  exerted,  might  possibly 
have  had  something  to  do  with  the  formation  of  this  peculiar  hill. 
So  much  for  theory  No.  2. 

(3)  The  third  explanation  offered  was  the  most  theoretical  of 
all,  as  it  involved  a  spread  of  Plateau -gravel  on  the  summit  of 
Creechbarrow   at   some  period   of  its  history.     Everyone  knows 
how  largely  the  Plateau-gravel  has  contributed  to  the  formation 
of  high  ground,  more  especially  in  the  Bagshot  districts  of  Surrey, 
Hants,  and  Dorset,  so  that  what  was  originally  a  shallow  valley, 
owing  to  the  protection  afforded  by  an  accumulation  of  flint  gravel, 
often  cemented  by  iron-oxide,  becomes  relatively  high  ground  and 
sometimes   even  a  hill.-     On   this   occasion  I  went   so  far  as  to 
express  my  belief  that  there  had  been  Plateau-gravel  on  the  top 
of  Creechbarrow.     The  principal  evidence  for  this  hypothetical  bed 
of  gravel  arises  from  the  fact  that  about  a  thousand  yards  from  the 
summit  of  the  hill  on  the  north  side,  near  the  300  feet  contour,  there 
is  a  large  deposit  of  clayey  gravel,  which  is  worked  for  road-metal 
and   probably  for  other   purposes.      This   bed  of  gravel,  it   then 
appeared  to  me,  might  be  the  remains  of  a  deposit  once  at  a  much 
higher  elevation,  which  had,  to  a  certain  extent,  been  slid  off  these 
slippery  clays,  especially  during  a  period  when  there  was  a  great 
deal  of  snow,  which  would  facilitate  deposit  on  the  north  side  of 
a  slope.     Another  indication  of  this  supposed  gravel  bed  on  Creech- 
barrow, which  was  then  present  to  my  mind,  arises  from  the  great 
number  of  peculiarly  large  flints  which  may  be  seen  about  the  hill. 
They  are,  for  the  most  part,  unabraded  flints,  and  their  position  is 
such  as  to  suggest  that  many  of  them  may  have  rolled  down  from 
the  upper  part  of  the  hill,  though  they  are  now  to  be  noticed 
principally   on   the   eastern   base.      These   loose   flints   I   held   as 
additional  evidence  of  the  existence  of  my  hypothetical  gravel  bed 
on  the  top  of  this  hill.     So  much  for  theory  No.  3. 

*  Op.  et  vol.  tit.,  p.  Iviii. 

-  The  valley-flat  of  days  gone  by 

Becomes  the  plateau,  higli  and  dry  : 
Thus,  in  the  cycle  of  the  Aj^es 

The  Drifts  reverse  their  earlier  stages. 

Anon. 
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The  address  ooDcludes  with  the  following  remarks : — 
"  But  we  cannot  say  what  the  hill  itself  consists  of,  for  the  whole 
hill,  especially  the  top  of  it,  has  been  thoroughly  sophisticated. 
I  have  not  the  remotest  idea  of  what  the  original  surface  of  the 
summit  consisted.  This  tumulus,  which  forms  such  a  convenient 
shelter,  is  composed  of  those  very  large  flints  which  have  been 
gathered  from  all  around.  But  the  greatest  annoyance  is  that  a  house 
has  been  built  on  the  top  of  Creechbarrow,  and  the  foundations  and 
walls  make  it  utterly  impossible  for  anyone  to  judge  what  may  have 
been  the  original  composition  of  the  summit.  It  has  been  sophisticated 
by  man,  and  the  only  way  I  can  see  of  ascertaining  the  true  structure 
of  Creechbarrow  is  to  drive  a  horizontal  level  right  in  to  see  what 
the  hill  is  really  made  of.  If  the  Dorset  Field  Club  would  like  to 
vote  a  sum  of  money  for  that  purpose,  I  will  undertake  to  see  that  it 
is  properly  spent.  But  I  am  afraid  that  this  is  hoping  rather  too 
much."  * 

II.   Investigation. 

Acting  on  my  own  suggestion,  as  conveyed  in  the  preceding 
paragraph,  having  first  obtained  the  permission  of  the  owner  and 
occupier,  I  set  some  men  to  work  digging  in  October  last,  and  we 
very  soon  arrived  at  most  unexpected  results.  The  remarkable 
greensward  on  the  very  summit  of  Creechbarrow,  so  different  to  the 
vegetation  of  the  typical  Bagshot  districts,  where  heather  and 
Iceland  moss  afford  a  meagre  diet  to  the  rabbits,  had  always  pro- 
voked my  suspicions.  No  one,  however,  had  ever  suspected  that  the 
victual  summit  of  Creechbarrow  consists  of  limestone,  but  now  we 
perceive  that  the  calcareous  nature  of  the  soil  is  chiefly  accountable 
tor  this  unwonted  greenery  at  such  an  elevation. 

Altogether  some  seven  or  eight  pits  were  dug  within  the  limits 
of  the  600  feet  contour.  It  is  not  intended  to  specify  in  the  Geological 
Magazine  the  particulars  of  these,  but  it  is  hoped  that  such  details 
as  may  be  of  interest  will  appear  in  the  forthcoming  volume  (No.  2*3) 
of  the  Proceedings  of  the  Dorset  Field  Club.  The  first  pit  (No.  8a)' 
was  du^  ill  the  eastern  flank  of  the  summit  ridge,  some  distance 
l)elow  the  actual  summit.  Here  a  calcareous  talus  was  encountered 
before  the  solid  geology  of  the  hill  was  reached.  This  calcareous 
talus  created  great  surprise,  and  many  were  tiie  conjectures  as  to  its 
origin.  The  material  was  mainly  in  a  chalky  condition,  and  as  there 
were  no  fossils  to  guide  us  we  concluded  that  some  chalk  had  been 
brought  up  to  the  top  of  the  hill.  Then,  again,  remembering  that 
the  foundations  of  the  house  formerly  existing  on  the  summit  con- 
sisted of  dressed  Purbeck  stone,  we  fancied  that  a  sufiicient  quantity 
of  Purbeck  stone  might  have  slipped  down  to  form  a  talus — and  this 
seemed  the  more  probable,  as  the  less  perished  stones  had  rather  the 
look  of  a  fresh-water  limestone  :  so  the  theory  of  a  Purbeck,  or  even 
a  Portland  origin,  prevailed  over  the  original  supposition  of  derivation 
from  the  Chalk.     At  that  stage  of  the  investigation  we  never  dreamt 

'  Vol.  cit.,  p.  lix. 

-  These  figures  leftr  to  the  numbering  ultimately  adopted. 
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of  an  autochthoaous  deposit  of  limestone  on  the  hill  itself.  When 
the  calcareous  talus  was  penetrated  in  this  section,  we  found  the 
solid  geology  to  consist  of  a  peculiar  cakey  sand,  passing  down  into 
baff-coloured  sands  with  vertical  tubes  having  a  calcareous  lining. 
Underneath  this  was  an  irregular  layer  of  flints,  some  of  great  size, 
about  a  foot  thick,  and  lower  still  loose  white  sand,  preceded  by 
yellow  sandy  clay  blotched  with  oxide  of  manganese  and  containing 
perished  flints. 

So  far  as  I  know,  these  yellow  manganese-stained  sands  and  clays, 
in  conjunction  with  the  flint  beds  and  the  concretionary  limestone 
Bubsequently  discovered,  make  up  the  hill-top  of  Creeohbarrow,  that 
is  to  say,  of  the  area  within  the  600  feet  contour,  some  three  or  four 
acres  in  extent.     Since  the  source  of  the  limestone  fragments  in  the 
talus  had  not  yet  been  discovered,  we  made  an  excavation  a  few  feet 
higher  up  (No.  8),  and  there  we  had  the  satisfaction  of  detecting 
a  massive  tufaceous   limestone  with   an   irregular  surface  passing 
downwards  into  sand  with  calcareous  concretions,  and  this  excavation 
was  carried   down   to   a  layer  of  flints   which   was   not   pierced. 
Whether  this  is  the  same  as  the  layer  in  the  lower  pit  one  cannot  say. 
Before  proceeding  to  describe  the  complete  discovery  of  the  lime- 
stone, I  will  draw  attention  to  the  problem  suggested  by  the  flints. 
It  will  be  remembered  that  when  in  August  last  I  offered  three 
possible  suggestions  as  to  the  origin  of  Creeohbarrow,  I  laid  con- 
siderable stress  on  the  abundance  of  flints  knocking  about  over  the 
hill,  as  evidence  of  the  former  existence  of  Plateau-gravel  upon  or 
near  the  summit     It  was  now  proved  that  these  large  and  peculiar 
flints  which  one  associates  with  Creeohbarrow  are  not  by  any  means 
derived  from  any  superficial  deposit,  but  that  they  constitute   an 
important  part  of  the  beds  of  which  the  hill  is  composed.     Tliese 
beds  are  undoubtedly  of  Lower  Tertiary  age,  and  if  we  assume,  in 
default  of  evidence  to  the  contrary,  that  they  are  of  Bagshot  age,  at 
least  these  flint  beds  constitute  a  portion  of  the  series,  whatever  it 
may  be.     But  in  order  not  to  prejudge  the  question  of  nge,  I  will 
simply  speak  of  the  whole  series  as  the  Creechbarrow  Beds, 

In  describing  certain  sections  further  on  the  subject  of  these 
bedded  flints  will  again  crop  up,  but  we  may  note  some  peculiarities 
with  reference  to  them  now.  It  must  always  be  borne  in  mind 
that  these  flints  are  large  stones  in  the  midst  of  extremely  fine 
sediments.  There  are,  no  doubt,  throughout  the  Creechbarrow  Beds, 
as  elsewhere  in  the  Bagshots,  coarse  iron-grits  and  lydite  gravels, 
such  as  the  people  in  the  neighbourhood  call  'granite  gravel.' 
Still,  the  bulk  of  the  deposits,  whether  of  sand  or  clay,  are  of  fine 
material,  and  yet  these  large  flints  occur  in  abundance,  not  only 
disseminated  occasionally  through  the  clays  and  sands,  but  accumu- 
lated in  beds  of  varying  development  up  to  4  feet  in  thickness. 
These  flints  have  for  the  most  part  a  creamy  appearance,  they  are 
much  degelatinized,  and  in  some  cases  the  exterior  is  simply  a  mass 
of  granular  silica,  very  meagre  to  the  touch.  They  are  also  extremely 
brittle  when  first  dug  out,  though  I  rather  think  that  exposure  to 
the  atmosphere  toughens  them  after  a  while.     In  consequence  of 
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this  brittlenesB  the  available  fragments  do  not  much  exceed  28  lbs. 
in  weight,  bo  far  as  I  have  seen  them,  though  it  may  well  be  that 
much  heavier  flints  than  these  occur.  The  surface  of  those  flinti 
which  are  not  much  broken  has  been  subject  to  very  little  modification 
from  abrasion.  Associated  with  the  big  flints  are  flint  pebbles  and 
other  stones  of  moderate  size,  also  quartzose  grit. 

Having  ascertained  the  undoubted  existence  of  indigenous  lime- 
stone on  Creechbarrow,  it  became  necessary  to  obtain  some  further 
knowledge  both  of  its  mode  of  occurrence  and  general  oharaoter. 
Pits  were  opened  in  one  or  two  places,  and  espemally  on  the 
summit  Before  proceeding  to  describe  the  summit  pit  (Na  5) 
I  will  submit  the  section  of  No.  4  pit,  which  is  on  the  south  slope 
of  the  actual  summit  and  forms  part  of  the  escarpment  (see  Fig.  4, 
p.  256). 

The  following  sequence  was  observed : — 

tL    in. 

1.  Soil  with  few  Hints,  fragments  of  pottery,  oyster 

rrUl/llOa    vlA.  ••••  •••  •••  •••  •••  •••  X  O 

N.B. — A  deposit  of  this  nature  forms  a  sort 
of  talus  to  the  whole  section  on  the  bill -side.  ^ 

2.  Softish  tufaceous  limestone 2      6 

3.  PaHsing  downwards  into  sands  full  of  calcareous 

concretions 

4 .  Band  of  yellow  clayey  sand 

5.  Loose  buff -coloured  sands 

6.  Layer  of  laree  flints  of  the  Creechbarrow  type 

7.  Pale  bufP- coloured  sands  (not  bottomed)     

X  oiai  ...         ...         ... 

For  convenience  this  section  was  cut  in  three  steps.     It  was  here 
that  the  principal  evidence  for  dip  was  obtained.    No  bedding  vf93 
observable  in  the  tufaceous  limestone,  and  the  irregular  nature  of 
its  base  causes  it  to  be  of  little  use  for  stratigraphical  purposes. 
The  thin  band  of  "  yellow  clayey  sand  "  was  more  useful,  and  also 
the  *'  flint  layers,"   so  that  from  these  and   other  indications  an 
inclination  of  9  inches  in  48  inches  was  observed,  the  direction  being 
somewhat  to  the  west  of  north,  or  at  any  rate  northerly.     This  may  be 
calculated  into  an  incline  of  1  in  5*5  =  11^  nearly.     The  identification 
of  the  particular  flint  band  in  another  pit,  supposing  such  identification 
to  be  correct,  serves  to  confirm  the  amount  of  dip  and  also  the 
direction.     The   longer  axis  of  the  hill  itself  runs  in  a  direction 
about  N.N.E.,  being  nearly  at  right  angles  to  the  trend  of  the  long 
Purbeck  Hill,  and  this  peculiar  conformation  is  especially  notioeable 
from  many  points  in  the  Frome  Valley.     The  great  bulge  which 
the  Creechbarrow  Beds  impress  upon  the  Pipeclay  series  has  the 
same  direction  as  the  longer  axis  of  the  hill.     Hence  the  observed 
dip  and  the  dip  slope  (see  Fig.  3)  are  slightly  divergent.     On  the 
whole,   without  attempting  an   accuracy   which    in    beds  of  this 

^  As  re|;ards  these  deposits  in  the  soil  and  in  the  semi -artificial  talus,  I  bave  the 
followinj^  note : —  Black  soil  with  pottery,  oysters,  limpets,  mussels,  periwinkles, 
bones,  fragments  of  Purbeck  stone  (uresa'd),  iron  sand,  pieces  of  the  bill  limestone, 
old  pipes,  etc. 
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eblTutor  is pmctionlly  impossible,  we  may  say  that  the  Creeobbarrow 
B«di,M  determined  from  indioitJDna  nenr  tha  summit,  have  a  dip 
tothsnorthwariJsof  from  10"  to  12°. 


Fio.  2.— The  Summit  Pit  (Xo.  o).     Frt 
Ptionnrv  liniesti> 
B.  Artilitial  rubhie,  mniiilv  derived  frini 


:iapli  liy  y\Ti.  ]Iiidlfst"ii. 
till'  lime-'triiie. 


Tlie  vertical  section  as  sliown  in  Fig.  2  is  about  7  feet. 

The  summit  liaa  been  artificially  flattened,  and  certain  courses  of 
Purbeck  atone  (dressed)  remain  na  eviilences  of  the  foundations  of 
tbe  Keeper's  Lodge  which  Ibnuerly  occupied  this  aite.  About 
a  foot  or  eighteen  inclies  below  tliia  we  came  upon  a  section 
which  is  partly  natural  and  partly  artificial.  The  natural  portion 
conaieta  of  solid  tufBoeous  limestone,  showing  certain  irregular 
divisions,  but  nothing  that  could  be  referred  to  bedding:  the 
jointing  is  in  all  directions  witli  possibly  a  tendency  to  the  vertical. 
Alongside  of  this  mass  of  natural  Hmeslone  it)  a  miscellaneous 
mbble  of  artificial  origin.  The  upper  portion  consists  of  small 
caloareoas  rabble  mixed  with  sand,  flints,  etc.,  ilown  to  a  line  of 
blackearth.  Below  this  is  a  conglomeration  of  looser  stones,  where 
flints  And  large  blocks  of  tufoceous  limestone  may  be  noted.  The 
whole  probably  rests  on  tufaceous  limestone  in  aita  lower  down. 
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Situated  on  the  very  top  of  Creechbarrow  this  seotion  is  very 
suggestive.  That  the  summit  has  been  artificially  flattened  for  the 
purpose  of  supporting  a  structure  is  evident.  At  what  period  this 
was  first  of  all  done  it  is  impossible  to  say,  but  we  are  justified  in 
supposing  that  before  human  interference  with  such  a  prominent 
feature  of  the  landscape,  the  limestone  rock  stood  out  like  a  needle 
or  tooth  above  the  encompassing  greensward.  Being  too  precipitous 
in  its  natural  state  to  support  a  building,  masses  of  the  original 
summit  have  been  cut  away  and  used  in  forming  the  strange  medley 
of  rubble  which  is  seen  on  the  right  of  the  section.  We  perceive 
indeed  the  very  fragments  of  limestone  that  have  been  detached  so 
as  to  make  a  platform  on  which  to  build.  The  foundations  are  thus 
partly  natural  and  partly  artificial. 

It  is  possible  from  specimens  obtained  in  this  pit  more  especially 
to  form  some  estimate  of  the  character  of  this  limestone.  I  hope  to 
treat  the  subject  more  fully  with  appropriate  illustrations  in  the 
Proceedings  of  the  Dorset  Field  Club.  Meantime,  the  following 
rough  lithological  notes  extracted  from  my  field  notebook  will  serve 
to  give  an  idea  of  some  of  the  specimens. 

2a.  This  is  a  large  fragment  of  creamy  white  tufaceous  limestone 
with  specs  and  threads  of  oxide  of  manganese  in  places;  flattened 
pisolitic  bodies  in  brownish  oalcite  are  numerous.  There  are  casts 
of  interiors  of  a  shell  not  unlike  Paludina,  The  whole  of  thi» 
fragment  has  a  tufaceous  aspect  and  is  free  from  the  bufi'-coloared 
patches  which  characterize  a  certain  group  of  specimens. 

The  external  surface  is  rough  and  in  one  corner  full  of  curious 
shapes,  which  are  probably  concretionary  bodies  developed  by 
weathering. 

2b.  A  white  tufaceous  limestone  similar  to  the  last.  This  is 
pretty  full  of  pisolitic  bodies  in  brown  calcite  ;  it  moreover  contains 
a  peculiar  Jiorsc-shoe  section  in  brown  calcite,  of  which  there  are 
indications  in  so  many  of  the  specimens.  There  are  indioiitions  of 
a  Palndiiia  likewise,  but  so  merged  in  the  matrix  as  to  be  indistinct. 

2d.  Similar  to  the  last  and  containing  the  indications  of  a  Paludina 
which  clearly  differs  from  the  ordinary  Purbeck  species  (P.  cannifera 
and  P.  elongat(i). 

3a.  A  creamy  tufaceous  limestone  with  some  buflf-coloured  patches 
and  specs  and  threads  of  maui^anese  oxide.  Sections  of  ordinary 
pisolites  here  and  there.  But  this  specimen  is  remarkable  for  three 
very  lar»;e  horse-shoe  sections^  which  certainly  represent  concretions 
in  brown  calcite,  whose  origin  is  l)y  no  means  clear.  These  sections 
show  a  series  of  concentric  rings  with  a  large  hollow  in  the  centre 
filled  with  the  ordinary  matrix.  There  is  no  radial  structure ;  one 
end  of  the  circle  is  thick,  whilst  the  opposite  end  thins  almost  to 
disappearance.  Some  of  these  horse-shoe  sections  are  nearly  1^  inches 
in  diameter. 

3c.  Rather  more  compact  limestone  with  some  buflf  markings. 
The  chief  interest  of  this  specimen  is,  that  it  seems  to  aflford  a  solution 
of  the  problem  of  the  horse-shoe  sections.  There  is  to  be  seen  here 
a  pisolitic  concretion  with  an  interior  like  a  very  small  egg,  of  which 


W.  H.  Hudieston — Creechbarrotc  in  Purbeck.  251 

the  shelly  represented  by  the  brown  calcite,  is  developed  so  obliquely, 
that  it  is  quite  thick  on  one  side  and  quite  thin  on  the  other  side. 
A  section  of  this  gives  a  shape  like  a  horse-shoe,  which  evidently 
belongs  to  the  group  of  pisolites. 

4a.  Very  fine  specimen  of  pisolitic  limestone,  quite  suitable  for 
collections.     Cuts  well  and  takes  a  good  polish. 

Without  special  illustration  the  above  may  be  accepted  as  a  brief 
lithological  description  of  the  Greechbarrow  limestone.  Recently 
flome  better  specimens  of  univalves  have  been  found,  and  these  are 
free  from  matrix ;  but  on  the  other  hand  they  have  suffered  from 
an  incrusting  process  which  has  greatly  affected  their  original  form. 
The  Paludina  appears  to  be  a  short  variety  of  Paludina  media,  and 
the  other  univalve  may  possibly  be  a  member  of  the  Melaniadse. 

This  limestone  forms  the  summit  of  Creechbarrow,  and  it  is 
terminated  towards  the  south  by  what  may  be  deemed  an  escarpment 
(aee  Fig.  4).  We  can  follow  it  on  the  dip  towards  the  north,  though 
its  lateral  extension  east  and  west  of  the  immediate  summit  is 
oertainly  restricted,  but  the  elongated  shape  ot*  the  summit  ridge 
is  undoubtedly  determined  by  this  very  hard  rock.  About  120  feet 
KJ^.E.  of  the  summit,  in  the  direction  of  the  dip  slope,  we  sank 
toother  pit  (No.  6)  and  came  upon  a  very  interesting  section.  The 
hard  nodular  limestone  is  here  found  to  form  a  very  rough  and 
irregular  surface,  beneath  a  peculiar  deposit  which  has  a  depth 
of  from  3  to  5  feet  according  to  the  inequalities  of  the  limestone. 
About  100  feet  from  this  in  a  N.N.W.  direction,  and  just  within 
the  600  feet  contour,  we  found  this  same  peculiar  deposit,  quite 
6  feet  thick,  resting  on  the  irregular  surface  of  the  tufaceoua 
limestone,  here  apparently  undergoing  a  softening  process. 

The  deposit  on  the  Creechbarrow  Limeiione. — Of  the  many  enigmas 
nrbich  this  curious  hill  presents  to  the  puzzled  geologist  there  are 
lone  more  difficult  to  solve  than  the  true  nature  and  origin  of  tlio 
leposit  which,  from  a  geological  point  of  view,  is  the  highest  in 
he  sequence,  although  s(»  irregularly  distributed  that  it  has  not 
>een  indicated  on  the  dip  slope  section  (Fig.  3).  The  upper 
K)rtion  of  the  deposit,  in  places,  consists  of  a  mass  of  rounded  an<l 
ubangular  flints  in  a  muddy  matrix,  passing  downwards  into 
stiff  yellow  clay  witli  much  black  oxide  of  manganese,  and  a  variable 
ssortment  of  large  and  small  flints,  flint  pebbles,  and  other  stones, 
isposed  after  the  manner  of  Drift.  At  present  I  must  be  content 
3  state  the  facts  about  this  deposit  as  I  find  them,  without  attempting 
ny  explanation.  It  seems  probable  that  in  spite  of  its  superficial 
osition  this  remarkable  drift  is  really  part  of  the  Greechbarrow 
eries,  and  does  not  in  any  way  represent  the  Plateau-gravel. 

Wo  must  now  endeavour  to  trace  the  limestone  (a)  on  the  dip 
lope  to  the  point  where  it  disappears.  Omitting  any  indication 
f  the  peculiar  deposit  mentioned  above,  Fig.  3  is  a  rough  superficial 
9ction  from  the  summit  of  Creechbarrow  (637  feet)  to  the  sand-pit 
bout  the  350  feet  contour. 

The  horizontal  distance  may  be  1,150  feet.  The  northern  spur 
rhich  we  follow  is  in  alignment  with  the  longer  axis  of  the  hill, 
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which  extends  N.N.E.  from  the  summit.  It  must  not  be  supposed 
that  tiie  calcareous  beds  have  been  proved  every  yard  of  the  way. 
There  are  two  places  on  this  spur,  above  the  500  feet  contour,  when 
<marl '  has  been  found  close  to  the  surface.  The  highest  of  these  ifl 
2o0  feet,  measured  horiz:)nt«ilIy  from  the  last  pit  where  we  found  the 


Fig.  3. — The  Northern  Slopi)  of  Creechbarrow. 

(t.  Ilill-top,  or  Creechbarrow  limostoiie.  b.  Browa  Clay  Pcrioa. 

c.  Sands  underlying  the  Brown  Clay. 

hard  hill-top  limestone.  I  should  observe  that  the  term  '  marl'  merely 
refers  to  a  softened  condition  of  the  limestone.  There  is  a  well* 
marked  blufif  about  the  500  feet  contour,  near  where  the  oalcareoos 
series  terminates,  and  the  following  section,  derived  from  a  series 
of  trenches  which  we  made  in  the  hill-side,  shows  the  nature 
of  the  Creechbarrow  series  at  this  point.  The  top  of  the  section 
just  reaches  the  500  feet  contour. 

XouTHEHN  Section. 

a.  Surface  with  tri'(^  roots,  etc" 

//.   Fine  (tlayey  sands  with  flints  ...         

c.   Sandy  without  flints  ...         ...         ...         

fi.  Tough  ytllow  rlay      

f.  Upper  marl 
j\  Tou^jfli  chiy 
y.   Main  luarl 

N.H. — Tlien;  is   a   break   here   owinjj   to   <dd 
workings,  wliirh  would  ad«l  to  the  marl 
//.  Impure  marl  containing:  sand — a  passage  bed 

».    JJutt  clayey  sund         ...         

J.    Flint  gravel  and  sand 

T«)tal  section 

This  series  of  beds  rests  upon  a  buflf-coloured  clay. 

(6)  Is  a  very  extensive  and  important  deposit,  the  thickness  of 
which  it  is  not  easy  to  estimate.  It  can  hardly  be  less  than  40  feet 
thick  and  may  be  more,  and  constitutes  an  important  feature  along 
the  north  side  of  the  hill  on  both  sides  of  the  400  feet  contour.  In 
the  brickearth  are  said  to  be  lenticular  masses  of  sand  with  flints  at 
the  bottom,  which  to  a  certain  extent  detracts  from  its  value  for 
brick  and  tile  making.  The  brown  clay  series,  in  which  Mr.  Bond's 
clay-pit  and  brickyard  are  situated,  rests  on  sands  (c)  which  may  ^ 
well  studied  at  the  *  Sand-pit.* 
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BetamiDg  for  a  moment  to  the  limestone  (a),  it  is  evident  that  the 
faoe,  or  bluff,  so  well  marked  in  the  'Northern  Section'  is  not 
a  nataral  one  :  everything  has  the  appearance  of  an  extensive  open 
working,  presumably  for  '  marl,'  yet  there  is  no  tradition  as  to  any 
working  here,  consequently  the  period  must  have  been  sufficiently 
remote.  The  continuation  of  this  face  westwards,  usually  near  the 
500  feet  contour,  also  has  an  artificial  look  about  it  indicative  of 
former  workings.  One  of  the  most  peculiar  circumstances  in  con- 
nection with  this  case  is  the  total  absence  of  any  limestone  fragments 
throughout  this  long  line  of  presumed  old  workings.  The  same 
Temark  must  also  be  made  as  to  Creechbarrow  generally.  Had  any 
limestone  fragments  been  found  rolling  about,  the  discovery  of  the 
limestone  must  inevitably  have  followed.  I  have  searched  also  in 
old  walls  and  houses  for  any  trace  of  this  limestone,  without  success. 
Where  stone  has  been  used  in  these  buildings  it  seems  in  all  cases 
to  be  Pnrbeck  stone.  Consequently  we  are  faced  with  the  fact  that 
while  flints  of  the  Creechbarrow  series  abound  and  are  characteristic, 
no  single  specimen  of  the  Creechbarrow  limestone  appears  on  the 
sorface.  Rapid  disintegration  when  exposed  to  the  atmosphere  can 
be  the  only  explanation,  though  in  view  of  the  excessive  toughness 
of  the  hili-top  limestone  this  seems  all  the  more  extraordinary. 
There  certainly  are  some  peculiarities  in  these  concretionary  lime- 
itones  which  we  do  not  fully  understand.  I  mentioned  before  that 
in  the  talus  near  the  summit  the  limestone  was  already  softened  to 
the  consistence  of  chalk,  and  now  we  perceive  that  in  the  course  of 
its  further  descent  it  passes  away  altogether  as  a  distinct  rock. 

III.   Inferences. 

There  are  many  points  yet  to  be  considered  in  connection  with 
Creechbarrow,  but  the  facts  detailed  in  the  preceding  pages  must 
suffice  at  present  for  a  communication  which   is  essentially  pre- 
liminary.   The  great  problem  of  all,  viz.,  the  stratigraphical  relation 
between  the  Creechbarrow  Beds  and  the  Pipeclay  series  of  recognized 
Bagshot  age,  is  as  yet  uncertain.     This  is  a  matter  of  local  interest, 
]^|uiring  special  illustration  in  the  way  of  plans,  etc.,  which  I  hope 
to  bring  forward  in  the  Proceedings  of  the  Dorset  Field  Club.     It  is 
certain  that  the  Creechbarrow  Beds  press  the  Pipeclay  series  towards 
the  N.N.E.,  or,  in  other  words,  they  are  said  to  *  bulge '  them.    This 
circumstance  is  in  favour  of  their  being  of  Bagshot  age,  and  on 
a  lower  horizon  than  the  Pipeclay  series.     On  the  other  hand,  the 
occurrence  of  limestone  in  the  Bagshots  is,  so  far  as  I  am  aware, 
a  phenomenon  hitherto  unknown  in  £ngland.     Moreover,  there  is 
a  certain  degree  of  analogy  between  the  Bembridge  limestone  and 
the  Creechbarrow  limestone,  which  at  least  renders  it  possible  that 
the  latter  may  really  belong  to  an  Oligocene  series.     Hitherto  it  has 
been  a  matter  of  exceeding  difficulty  to  ascertain  what  are  the  strati- 
graphical  relations  of  the  Creechbarrow  Beds  to  the  Pipeclay  series. 
If  the  Creechbarrow  Beds  are  of  Oligocene  age,  then  there  is  no  great 
difficulty  in  supposing  that  they  simply  overlie  the  whole  Bagshot 
series  and  are  cut  off  on  the  north.     But  if  they  are  o(  ^a^%\io\.  ^^^> 
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as  I  consider  most  probable,  they  must  pass  under  the  Pipei 
series,  or  in  some  anexplained  manner  abut  against  them. 

It  should  be  borne  in  mind  that  the  whole  development  of 
Oreechbarrow  Beds  is  totally  different  to  the  Pipeclay  series  of 
BagshotR.  The  following  points  are  among  the  differences  as  sh 
in  the  Creechbarrow  Beds :  we  have  a  concretionary  pisolitic  1 
8tone  of  fresh-water  origin,  an  abundance  of  large  flints  and  o 
coarse  detritus  in  intimate  association  with  fine  yellow  clay 
sands  (I  am  informed  that  no  flints  are  found  in  the  Pipe 
beds).  There  is  also  a  considerable  amount  of  oxide  of  mangai 
especially  in  the  mechanical  sediments,  and  the  occurreno 
botryoidal  nodules  of  this  mineral  is  noted  in  some  of  the  sa 
Plant-remains  and  carbonaceous  matter  are  also  rare.  On  the  c 
hand,  the  Pipeclay  series  is  remarkable  for  the  complete  aba 
of  calcareous  matter,  the  excessive  fineness  of  its  sediments, 
large  development  of  pale  clays  with  admixture  of  staine< 
'  bloodshot '  clays,  and  the  abundance  of  carbonaceous  ma 
sometimes  with  plant  impressions  and  remains. 

One  point  of  considerable  importance,  which  can  only  be  bro 
out  fully  with  the  aid  of  a  sketch-map,  consists  in  the  fact  i 
whereas  immediately  to  the  east  of  Creech  Farm  the  Pipeclay  » 
is  found  almost  in  contact  with  the  London  Clay  and  so  conti 
all  the  way  to  the  gap  at  Corfe  Castle,  yet  to  ilie  toest  of  this 
in  the  vicinity  of  Creechbarrow  itself,  we  find  that  a  distanc 
several  hundred  yards  separates  the  Lower  Tertiaries  from 
Pipeclay,  the  intervening  space  being  occupied  by  the  Creechbai 
Beds.  At  present  I  can  only  state  the  fact  without  offering 
adequate  explanation.  We  can  scarcely  believe  that  the  w 
Creechbarrow  series  has  been  faulted  out  in  the  area  where 
missing,  and  thus  we  must  fall  back  on  the  theory  of  excepti 
development  within  a  limited  area  if  we  adopt  the  Bagshot  ag 
this  very  peculiar  set  of  beds.  We  know  from  Mr.  Clement  R 
memoir  that  the  Bagshot  Beds  west  of  a  certain  meridian  in 
county  develop  into  exceedingly  coarse  sediments,  but  ther 
nothing  of  this  kind  in  Purbeck,  exce])ting  the  Creechbarrow  ] 
themselves,  which  are  only  of  limited  extent 

Let  us  now  see  how  this  investigation  bears  on  my  three  the 
as  to  the  origin  of  the  hill  itself.  Practically  these  were: 
original  peculiarity  of  deposit,  (2)  exceptional  tectonic  disturbf 
(•3)  protection  afforded  by  Plateau-gravel. 

Of  these  three  the  first  is  nearest  the  mark,  and  the  third  ma 
entirely  dismissed.  The  whole  area  has,  of  course,  been  gn 
affected  by  tectonic  disturbance,  but  it  is  doubtful  at  present  whc 
anything  exceptional  of  this  nature  has  contributed  to  the  formi 
of  this  peculiar  feature  of  the  landscape. 

The  accompanying  section  will  serve  to  show  the  relation  ol 
mass  formed  by  the  Creechbarrow  Beds  to  the  Lower  Tertii 
(London  Clay  and  Beading  Beds)  and  the  Chalk.  One  impoi 
point  to  bear  in  mind  is  that  the  neck  of  land,  consisting  of  Lc 
'Jertiaries,   whicii  connects  Creechbarrow  with   the  Chalk,  hat 
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el«Tittion  of  500  feet,  wbereas  tlie  Lower  Tertiaries  along  tli«  dip 
■lope  of  the  Piirbeok  Hill  eUewliere  rnrely  attain  an  elevation  of 
300  feet  (see  Fis-  1  for  confirmalioo  of  this).  Hence,  tlie  a^^enoy 
which  protected  ibeCreeclibarruw  Beds  protected  tlie  Lower  'I'erti&rieB 
to  a  certain  extent.  I  cannot  doubt  that  tbta  agency  wan  the  hard 
coDcretionary  limestone  whiuh  now  conatitiitee  t)ie  summit  of  Creeoh- 
barrow  itself,  and  which  in  nil  pi-obability  extended  considerably 
farther  in  a  direction  opposite  (o  the  dip  after  the  manner  of 
eacArpraents  generully. 

Summit  of  Fnrbeck 

Creechbarrow  Hill 


Fig.  -1. — Genemliztd  si^ition  of  Creevliburruw  (luutli  hide). 
<!-(/.  Creoflibnrrow   Bids.    a.  The  hill-tup  limestone,      b.   SiindM  with  ealoaieon* 
t'lincretians.      <-  Bed  of  Hiats.     t.  Sanila  below  the  tiint-bed.      d.  Beds  not 
speciflllT  ilelcrminei],  mostlj  snody.     (See  sec(iiin-[iiiKf .) 

i'.  London  Clay.        i'.  Reading  BeiLt.        h^.  Chalk. 

Whether  the  Creeclibarrow  Beds  are  really  unconformable  to  the 
Lower  Tertiaries,  as  shown  in  the  diagram,  I  am  unable  to  say. 
Also  the  angle  of  dip  of  these  beds  is  only  obtained  by  inference. 
The  high  dip  of  tlie  Lower  Tei'tiHvies  shown  in  the  diagram  is 
bused  on  the  three  following  considerations :  (1)  on  the  narrowness 
of  the  outcrup,  (2)  on  a  dip  of  SO'  towards  the  nortli  which  is  seen 
in  the  adjacent  ohalk-pit,  and  (3)  on  the  fact  that  one  of  tha 
ironstone- grits  of  the  lieadiiig  Beds  is  seen  in  a  vertical  position 
about  I  mile  to  the  eastward  of  the  section.  With  reference  to  the 
Creechbarrow  Beds  Ihemaelves,  a  dip  of  from  10°  to  12°  is  obtained 
from  observation  for  the  topmost  series,'  hut  the  actual  dip  of  the 
lower  beds,  in  immediate  contact  with  the  London  Clay,  as  also 
their  true  stratigraphical  relations,  can  only  be  a  matter  of  inference. 

The  primary  object  of  this  investigation  has  been  an  endeavour 
to  explain  the  causes  which  have  led  to  Ihe  formation  of  such 
nn  exceptional  feature  in  the  landscape  of  the  Isle  of  Furbeck 
as    Creechbarrow,   certainly    the   most   noteworthy    hill'  composed 

'  Sep  p.  2iS. 
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exclusively  of  Tertiary  beds  in  all  England.  It  was  ori^nallj 
represented  by  the  Geoloi^ioal  Survey  as  being  held  up  in  a  forked 
fault  with  a  sort  of  repetition  of  the  London  Clay  at  its  northern 
base.  There  certainly  seems  no  justification  for  the  introductioii 
of  the  London  Clay  into  this  position,  viz.  the  northern  base  of  the 
hill.  Tiiere  may,  however,  be  some  better  reason  for  the  intiodaction 
of  a  fault,  for  it  is  just  hereabouts  tliat  the  junction  of  the  Creech- 
barrow  Beds  with  the  Pipeclay  series  takes  place.  This  is  a  piece 
of  stratigraphy  which  I  have  not  yet  succeeded  in  solving  to  my 
own  satisfaction,  though  such  a  question  has  only  an  indirect  bearing 
on  the  origin  of  Creechbarrow  as  a  hill.  I  am  far  from  saying 
that  everything  in  connection  with  its  origin  has  been  explained, 
but  without  doubt  one  great  predisposing  cause  is  the  protection 
which  the  softer  strata  have  received  from  the  concretionary  lime- 
stone. Such  protection  is  not  only  accountable,  in  a  great  measure, 
for  the  existence  of  the  hill  itself,  but  also  for  its  present  shape, 
which  has  to  a  considerable  extent  been  determined  by  the  original 
form  of  the  calcareous  body  that  accumulated  in  some  old  Tertiary 
lakelet,  ages  before  the  uplift  of  the  Purbeok  Hills. 

II. — WOODWAKDIAN     MUSKUM    NOTBS  :      SaLTKR*S    UnDBSORIBKO 

Species.     VIII.^ 

IW  F.  R.  Cowper  Rked,  M.A.,  F.G.S. 

(PLATE   XVI.) 

LAMELLIBRANCIIIATA  (Continued). 
GoNionioRA  ORANDis,  Salter.    (PI.  XVI,  Figs.  1,  2.) 

1873.     Goniophora  [frauds,  Salter :   Cat.  Camb.  Sil.  Foss.  Woodw.  Mus.,  p.  151 

{a  827).' 
1891.     Goniophora  gramlis,  Wo<hLs  :  Cut.  T\'pe  Foss.  Woodw.  Mum.,  p.  77. 

There  is  only  the  one  poorly  preserved  and  imperfect  specimen 
in  the  Woodwardian  Museum  on  which  Salter  founded  this  species. 
It  comes  from  the  Wenlock  Limestone  of  Dudley  and  belongs  to 
the  Fletcher  Collection.  Salter  says  of  it  (a  827)  :  « Strongly 
costated  and  marked  with  lines  of  growth  which  decussate  the 
ribs.  Twice  the  size  of  the  common  Ludlow  species."  The  material 
is  so  poor  that  the  specific  description  must  necessarily  be  incomplete. 

Diagnosis. — Shell  narrow,  transversely  elongate,  dorso-ventrally 
compressed.  Valves  very  deep,  angulated  by  diagonal,  very  strong 
carina  from  beak  to  posterior  angle.  Anterior  side  with  large  deep 
Bubcordate  lunule.  Below  the  diagonal  carina  the  surface  of  the 
valves  is  marked  by  about  twelve  strong  radiating  rounded  rihSt 
curved  slightly  forwards,  parallel  to  the  margins  of  the  lunule  and 
crossed  by  numerous  concentric  growth-ridges.  Above  the  carina 
the  sole  ornamentation  is  the  continuation  of  this  series  of  concentric 
ridges,  the  radiating  ribs  being  entirely  absent. 

Measurement. — Length  (diagonal,  along  carina)  approximately 
45-50  mm. 

*  For  previous  articles  stc  Gf.ol.  Mao.,  1901,  pp.  5,  106,  246,  355,  and  576 ; 
J902j  pp.  122  and  14.3. 
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Bkuakks. — It  is  not  very  profitable  to  compare  this  poorly  defined 
■peciea  with  others.  The  only  form  of  Ooniophora  known  to  me 
irith  similar  radiating  ribs  on  the  anterior  lower  half  of  the  shell 
only  and  ooncentric  ridges  above  and  below  the  carina,  is  0.  truneata, 
Hall/  from  the  Hamilton  Oroup  of  New  York. 

MODIOLOPSIS   COMPLANATA  (SoW.). 

1851.     Jfodiolcpah complanata  (Sow.),  McCoy:  Brit.  Pal.  Fo68.,  p.  266. 
1873.     ModiohjmB pianata,  Salter :  Cat.  Cam.  Sil.  Fosh.,  p.  182  {b  71-3). 
1891.    ModioloptM platMta,  Woods:  Cat.  Type  Fo98.  Wooaw.  Mus.,  p.  81. 

The  specimens  which  McCoy  named  and  described  (op.  cit.  sopra) 
as  If.  eomplanaia  (Sow.)  were  renamed  JIf.  planata  by  Salter,  though 
in  the  margin  of  his  Catalogue  (loc.  cit.)  he  puts  3f.  complanata  with 
a  query  after  it.  I  do  not  see  sufficient  reason  to  doubt  the  accuracy 
of  McCoy's  identification,  and  therefore  Salter's  specific  name  planata 
must  be  dropped. 

MoDioLOPSis  MiMUS,  Salter.     (PI.  XYI,  Fig.  3.) 

1873.     Mfjtiiui  iHittUM,  Salter :  Cat.  Comb.  SU.  Foss.  Woodw.  Mas.,  p.  182  (6 141). 
1891.     Mytilut  mimmwt,  Woods :  Cat.  Type  Foss.  Woodw.  Mas.,  p.  82. 

The  name  of  this  species  is  printed  mimua  in  Salter's  Catalogue, 
both  on  p.  182  and  in  the  index,  p.  200.  On  the  back  of  the  tablet 
bearing  the  specimen  the  name  minimus  was  found  written  in  pencil, 
and  Mr.  Woods  adopted  this  in  his  Catalogue.  There  is  only  one 
specimen  of  the  left  valve  (&  141),  and  it  comes  from  the  Upper 
Ludlow  of  Lesmahagow. 

Di.^GNosis.  —  Shell  inequilateral,  obliquely  elongate,  obtusely 
pointed.  Body  narrow,  slightly  curved,  convex,  especially  near 
beak.  Beak  anterior,  terminal,  small,  pointed,  convex.  Posterior 
portion  of  shell  rather  depressed  and  flattened,  but  not  sharply 
marked  off  from  body  of  shell.  Ventral  margin  short,  subacuminate. 
Posterior  margin  almost  vertical,  gently  rounded.  Hinge-line  straight, 
nearly  the  width  of  shell,  at  angle  of  60^  to  oblique  axis. 

Surface  marked  with  concentric  growth-lines. 

Measubemknts.  mm. 

Leiig:th  along  oblique  axis 16 

Width  alon^  hing^e-line        9 

Length  from  hinge-line  to  ventral  margiu             12 

Remarks. — This  species  bears  some  resemblance  to  the  Bala  form 
Modiolopsis  pyrus^  Salter,^  but  the  hinge-line  is  relatively  rather 
longer,  the  beak  more  acuminate  and  terminal,  and  the  posterior 
portion  of  the  shell  larger.  Some  American  species  of  Leptodesma 
from  the  Chemung  Group'  seem  to  bear  a  considerable  resemblance 
to  M.  mimus. 

Orthonota  (?)  HuGHEsr,  Salter.     (PI.  XVI,  Figs.  4,  5.) 

1873.     Ctenodonta  Hughcfij  n.sp.,  Salter:  Cat.  Camb.  Sil.  Foss.  Woodw.  Mas., 

p.  82  (fl  979). 
1891.     Ctenodonta  Huffhesi,  Woods:  Cat.  Type  Foss.  Woodw.  Ma**.,  p.  74. 

>  Hall:  Palajont.  N.T.,  vol.  v  (1883),  p.  13,  pi.  xliv,  figs.  1-5. 

'  Mem.  Geol.  Surv.,  vol.  iii,  2nd  ed.  (1881),  p.  662,  woodcut  xii,  <l^.  I. 

>  Hall:  Pal.  N.Y.,  vol.  v,  pt.  1,  pi.  xci,  figs.  23-5. 

DECADE  IT. — VOL,  IX, — NO,  IT.  V; 
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Salter  says  of  this  form  that  it  is  ''  sqaarer  and  more  ovate  ths->^ 
the  kindreid  Caradoo  forms."  There  are  four  specimens  in  tlm^ 
Woodwardian  Museum,  and  Salter  based  his  species  on  two  of  tbei^ 
(a  979)  consisting  of  a  complete  internal  oast  of  both  valves  aa 
an  external  cast  of  the  upper  portion  of  the  shelL  All  were  foan 
in  the  Lower  Llandovery  Beds  (Upper  Bala  of  Salter)  of  Sefi 
Llettyrhyddod,  Llandovery. 

Diagnosis. — Shell  equivalve,  inequilateral,  transversely  subovat*^ 
narrowing  and  subtrunoate  posteriorly,  subcompressed.  Beaks  obtus^^ 
moderate,  near  anterior  end,  with  small  impressed  lanule  in  front  belo^^" 
them.     Hinge  straight,  about  two-thirds  width  of  shell.     Anterior" 
portion  of  shell  convex ;  posterior  portion  slightly  flattened,  com-^ 
pressed.     Anterior  end  broadly  rounded ;  posterior  end  narrower^ 
more  pointed,  angulated  between  ridges.     Yentral  margin  regular^ 
snbparallel  to  dorsal.     Two  faint  low  diverging  ridges  run  obliquely 
backwards  over  posterior  slope  of  valves  to  posterior  end  of  ventral 
margin,  but  are   almost  indistinguishable   near  the  beak.     Hinge 
area  behind  beaks  narrow,  lanceolate.     Ligament  external,  in  groove. 
Hinge-line  edentulous?     Pallial  line  simple,  no  sinus.     Posterior 
adductor  scar  well  marked,  about  half-way  between  beak  and  posterior 
extremity.     Anterior  scar  faint.     Surface  of  valves  marked  by  faint 
concentric  growth-lines. 

Measube3Ients.  mm. 

Lenp^b       ...  ...  ...  ...  ...     15 

Width         ...  ...  ...  ...  ...     24 

Thickness  ...  ...  ...  ...  ...      8 

Ebmabks. — The  characters  of  the  hinge  and  absence  of  the  typical 
teeth  would  alone  be  sufficient  to  remove  this  species  from  the  genus 
Ctenodonta ;  and  it  appears  to  belong  to  the  genus  Orthonota. 

Orthonota  solenoides  (Sow.)  *  bears  a  distant  resemblance,  but  \s 
relatively  more  transverse,  and  the  posterior  ridges  are  wanting. 

ACTINOZOA. 
Hkliolites  02E8PITOSA,  Salter.     (PI.  XVI,  Figs.  6,  7.) 

1873.    HeUoHtes    eepspitosa,    Salter :     Cat.    Camh.   Sil.    Foss.    Woodw.     Mus., 

p.  104  [a  343). 
1888.     Helioiites  campitosa,  Etheridgc :  Cat.  Brit.  Foss.,  pt.  i  (Palacoz.),  p.  20. 
1891.     Hcliolites  ccespitosaf  Woods :  Cat.  Type  Foss.  Woodw.  Mus.,  p.  20. 

The  three  original  specimens  (a  343)  come  from  the  Wenlock 
Limestone  of  Dudley  and  belong  to  the  Fletcher  Collection.  The 
species  is  not  uncommon  there,  and  we  have  numerous  specimens 
from  the  same  locality.  Salter  (op.  cit.  supra)  describes  it  as 
'*  something  like  H.  Grayiy  but  cells  approximate  ;  shallow  pits,  not 
raised."  One  of  the  original  specimens  is  a  fine  and  almost  perfect 
corallum. 

Diagnosis. — Corallum  ramose,  but  not  diffuse,  consisting  of  several 
subparallel,  irregularly  rounded  or  lobate,  stout  branches,  increasing 
in  thickness  from  the  base,  and  bearing  calicos  over  their  whole 
surface.      Larger    corallites    small,   very    numerous,   approximate, 

*  Murchison  Siluna,  5t\i  ed.,  1872,  pi.  xxiii,  fig.  9. 
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Uy  less  than  half  their  diameter  apart,  in  some  oases  almost 
1^008 ;  margin  slightly  exsert,  hut  calyx  sank  helow  general 
oe ;  walls  orenalated  and  infolded  to  form  twelve  short  septa, 
iding  inwards  from  one-quarter  to  one-third  the  diameter  of 
ilyz.  Smaller  corallites  (coenenchyma)  not  numerous,  usually 
2-4  irregular  rows  between  the  larger  oorallites;  polygonal 
lape,  with  well-developed  walls  and  regular  horizontal  and 
ly  equidistant  tabulsB,  so  as  to  divide  the  tubes  into  a  series  of 
!e  cells. 

BA8URBMCMTS.  mm. 

Diameter  of  calyx  of  larger  corallito         1-1*5 

Length  of  corallum 80*0 

Diameter  of  corallum  at  base        20*0 

Diameter  of  corallum  at  crown      55*0 

iMARKS. — This  species  differs  from  IT.  Qrayi  ^  in  the  rounded  or 

e  form  of  the  branches,  and  in  the  number,  approximation,  and 

^88ion  of  the  calices  of  the  larger  corallites.     From  H.  inordinata 

fers  by  possessing  stouter,  more  lobate  branches,  more  numerous, 

r  and  larger  corallites  with  depressed  calices,  and  less  abundant 

nchyma.    A  Norwegian  species  named  Plaamopora  ramoaa,  Kiar, 

een  recently  described  ^  which  bears  a  considerable  resemblance 

caspitosa,  and  is  stated  to  be  closely  allied  to  JL  Qrayu    It 

8  in  the  more  exsert  margins  of  the  corallites,  the  absence  of 

I  prominences,  and  in  the  wider  spaces  between  the  oorallites. 

internal   structure,   moreover,  which  is  the   most  important 

re,  appears  to  be  distinct. 

EXPLANATION  OF  PLATE  XVI. 

1,2. — Goniophora  grandiSf  ^dXieT.    "Wenlock  Limestone :  Dudley.     Fletcher 

Coll.     Nat.  size. 
). — Modiolopaut  mimus,  Salter.     Upper  Ludlow:    Lesmahagow.      Enlarged 

t  nat.  size. 
4,  5. — Orthomta  Ilitghesi^  Salter.     Lower  Llandovery  Beds  (Upper  Bala, 

Salter) :  Sefin  Llettyrhyddod,  Llandovery.    Fig.  4,  side  view  ;  Fig.  5, 

hinge  aspect  of  shell.     Enlarged  1^  nat.  size. 
. — HdiolitcH  citspitosay  Salter.    Wenlock  Limestone:  Dudley.    Fletcher  ColL 
. — Portion  of  coralhun,  enlarged  f  nat.  size. 

III. — On  the  Making  of  a  Quabtz  Schist. 

By  John  Parkinson,  F.G.S. 

k  paper  published'  some  eight  years  ago.  Prof.  T.  G.  Bonney 
iscriminated  between  the  dominant  characteristics  of  quartz 
s  from  the  Alps  and  quartzites  modified  by  pressure.  The 
otions  as  therein  pointed  out  may  be  thus  summed  up. 
a  quartz  schist  we  find  an  absence  of  indications  of  original 
ents,  the  shape  of  the  quartzes  proving  that  they  were  formed 
ti;  together  with  no  evidence  ''that  the  mica  in  its  present 
18  derivative";  from  which  it  almost  necessarily  follows  that 

wards  &  Haime :  Brit.  Foss.  Corals  (Paljeont.  Soc.),  p.  262,  pi.  Iviii,  fig.  I. 

iir:    Die  Korallenfaun,   Et.  5,    Xorweg.  Silur.,  p.    32,   t.  v,  figs.    5-6: 
itographica,  Bd.  xlvii,  1899-1900. 

lOL.  Mao.,  Dec.  Ill,  Vol.  X  (1893),  \).  204  ;  also  Geol.  Mao.,  Dec.  IV, 
I  (1896),  p.  400  (*«  On  a  Pebbly  Quartz-Schist  from  theYoV  d' Xmm^^^'^i^ 
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the  origin  of  the  rock  is  *'  a  matter  of  oonjeoture "  rather  thaa  of 
proof  (p.  209,  etc.)-  In  a  quartzite  the  contrary  holds.  The  clastic 
origin  of  the  quartzes  is  ohvious,  and  the  form  and  mode  of  occarreDce 
of  the  mica  shows  it  to  he  detrital ;  hence  the  characters  separating 
normal  types  of  the  two  groups  of  rock  are  clear  enough  in  a  thin 
section,  if  not  in  a  hand-specimen. 

The  rocks  which  form  part  of  the  snhject  of  the  present  communi- 
cation were  collected  from  the  neighbourhood  of  the  Illeoellewaet 
Glacier  in  the  Selkirk  Mountains;  and  microscopically  present 
a  structure  intermediate  between  that  of  a  quartz  schist  and  that 
of  a  quartzite.' 

Since  the  gap  which  separates  these  two  rock  types  is  one  which 
is  seldom  bridged,  I  venture  to  think  it  may  be  profitable — (1) 
to  consider  the  changes  which  have  taken  place  in  the  North 
American  rocks  which  will  be  referred  to  as  quartz  felspar  grits ; 
(2)  to  compare  the  latter  with  some  of  the  older  quartzites  of 
India,  which  present  indications  of  change  of  a  rather  different 
kind ;  and  (3)  to  see  what  help  the  whole  affords  in  elucidating 
the  difficult  problem — the  making  of  a  quartz  schist. 

1.  Thk  Quartz  Felspar  Qrits.' 

These  form  a  group  of  rocks  exhibiting  slight  variations  in  d^;ree 
of  coarseness  and  manner  of  fracture,  commonly  speckled  with 
obvious  grains  of  felspar  and  quartz ;  although  the  sheen  surfaces, 
formed  through  the  development  of  secondary  mica,  record  the 
pressure  which  the  rock  has  undergone.  In  a  few  localities,  e.g.  the 
moraine  of  the  Illeoellewaet  Glacier,  elongated  ellipsoidal  spots  are 
conspicuous,  exhibiting  a  parallel  arrangement,  and  which  average 
in  size  *5  in.  x  *1^  in.  X  '05  in.  As  seen  in  a  thin  section  they  consist 
of  very  irregular  grains  of  caloite,  outlined  by  an  iron  staining, 
which  straggle  through  the  other  constituents  instead  of  forming 
a  clearly  defined  patch.  These  may  possibly  be  the  remains  of 
worm  burrows  distorted  by  pressure. 

^  See  also  ii  paper  by  Professor  T.  G.  Bonuey  in  Quart.  Joum.  Geol.  Soc,  1888, 
vol.  xliv,  p.  32,  on  the  Iluronian  Series  in  the  neighbourhood  of  Sudbury  (Canada) ; 
a  sedimentary  series  showing  changes  which  approximate  them  in  character  to  a  trie 
schist.  I  ani  greatly  indeb^  io  I'rofessor  Bonney  for  opportunity  to  study  his  slides 
of  these  rocks,  and  tor  suggesticms  given  from  time  to  time  oii  this  and  kindred 
subjectH. 

•  The  age  of  these  rocks  is  a  matter  of  interest.  The  identiBcation  is  a  rather 
difficult  one,  and  I  am  indebted  to  Dr.  AMiiteaves  and  Dr.  H.  M.  Ami,  of  the 
Canadian  Geologicml  Survey,  for  kindly  rephnng  to  my  question  on  the  subject.  To 
the  E.N.E.  of,  and  about  eighteen  miles  as  the  crow  flies  from,  the  Illocellewaet 
Glacier,  a  Lower  Cumbrian  fauna  has  been  found,  and  to  the  westward  lies  the 
Shuswap  Series,  probably  of  Archroan  age.  Above  the  latter  and  to  the  east  ar» 
"dark  argillites  passing  into  niicareous  schists''  (Summary  Rep.  1890-1,  n.h.,  v, 
pt.  1,  p.  20a).  These  are  the  Nisconlith  Series  (Lower  Cambrian),  probably 
equivalent  to  the  Bow  River  Series.  See  also  papers  by  the  late  Dr.  G.  M.  Dawson, 
Bull.  Geol.  Soc.  Amer.,  vol.  ii,  pp.  165-176,  *'Xoto  on  the  Geological  Structorv 
of  the  Selkirk  Range,"  and  Ann.  Rep.  Geol.  Surv.  Canada,  1896,  vol.  vii.  pt  B, 
pp.  28b-34u,  in  which  the  (luartzites  in  the  vicinity  of  the  Glacier  House,  Moontain 
Sir  Donald,  et<'.,  are  plareu  in  the  Cambrian  system  under  the  name  of  the  Selkirk 
Series  and  ovorlvini'  tbo  Ni»*conlith  Series. 
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The  remnants  of  original  mineral  grains  are  oonspiouous  in  most 
of  the  thin  seotions.  The  presence  of  felspar,  both  orthoclase  and 
plagioolase,  together  with  quartz,  indicate  either  a  quartz  felspar 
grit  or  a  quartz  felsite.  The  great  preponderance  of  quartz  and  the 
very  clastic  appearance  of  the  felspars  clearly  point  to  the  former 
rock ;  in  fact,  in  many  instances  the  names  of  quartzite  and  quarts 
felspar  grit  are  still  applicable,  in  spite  of  considerable  mineralogical 
and  structural  modifications. 

The  condition  of  the  felpars  is  the  most  interesting  feature. 
Mineralogical  change  is  made  manifest  by  a  cloudiness  in  the  interior 
of  the  crystal,  due  to  the  presence  of  innumerable  minute  scales, 
flakes,  or  prisms  of  a  mineral  which,  no  doubt,  is  a  mica.  Towards 
the  periphery  of  the  crystal  the  latter  pass  into  a  fringe  of  well- 
formed  flakes  intermingled  with  grains  of  quartz,  the  character 
of  the  former  being  identical  with  that  of  the  typical  quartz 
schists  of  the  Alps.  Occasionally  a  system  of  lines  of  greater 
change,  and  probably  of  incipient  fracture,  traverses  the  crystal,  and 
is  marked  by  closely  aggregated  scales  and  flakes  of  mica.  At  the 
same  time  crush  shadows  form,  followed  in  due  course  by  fracture 
and  loss  of  uniform  polarization ;  while,  frequently,  more  or  less 
clear  spots  appear  representing  developing  individuals  of  quartz  or 
secondary  felspar ;  the  outcome  being  complete  disintegration  and 
reconstitutiou. 

Some  of  the  larger  quartz  crystals  have  exceedingly  irregular 
edges  and  exhibit  undulose  extinction ;  and  in  the  smaller  grains 
a  similarity  of  size  and  of  polarization  tints  is  often  characteristic, 
together  with  some  elongation  in  the  direction  of  foliation.  In 
a  more  advanced  stage  of  reconstruction  a  more  marked  parallelism 
exists  between  the  flakes  of  mica.  While  these  are  for  the  most 
part  spread  through  the  rock  in  thin  and  irregular  bands,  they  are 
also  embedded  in  the  quartz  grains,  or  wedged  between  their  edges, 
and  have  even  trespassed  the  boundary  between  two  individuals. 
In  some  sections  they  reach  -009  inch  in  length.  The  presence  of 
a  mica  flake  in  the  centre  of  a  quartz  grain,  which  is  large  in 
proportion  to  it,  and  situated  near  a  system  of  tine  cracks  by  which 
this  grain  is  traversed,  indicates  the  passage  of  the  mica  substance 
in  solution  by  capillary  action.  The  cracks  contain  specks  of  a 
mineral  (about  *002o  inch  across)  which  may  be  referred  to  mica. 
Now  and  then  such  flakes  appear  where  no  obvious  cracks  exist, 
and  occasionally  a  long  tliin  wedge  of  mica  flakes  penetrates  the 
quartz  grain.  The  condition  of  the  mica  is  dififerent  to  that  of 
the  mineral  produced  by  the  mere  crushing  of  a  quartz  felspar  grit ; 
the  distinction  consisting  in  this,  that  in  the  rocks  under  consider- 
ation the  mica  forms  definite  flakes  usually  bounded  by  definite 
lines,  whereas  simple  crushing  produces  a  matted  intergrowth  of 
film-like  scales  which  ordinary  powers  and  ordinary  thin  sections 
fail  to  resolve  into  its  components.  The  smaller  quartz  grains — 
commonly  '004  to  *009  inch  across — possess  angular  or  subangular 
oatlines,  are  not  conspicuously  elongated  at  right  angles  to  the 
direction  of  pressure,  and  do  not  exhibit  undulose  extinction  to  any 
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noticeable  degree.  Hence  the  strain  produced  by  the  pressure  the 
rock  has  undergone  has  been  removed  from  the  greater  part  of 
the  rock,  while  the  larger  and  obviously  clastic  grains  still  betf 
its  marks. 

The  rook  does  not  appear  to  have  undergone  serious  deformation 
since  it  assumed  its  present  condition,  and  as  regards  the  state  of 
the  quartzes  at  the  time  of  maximum  pressure  we  are  met  witb 
evidence  of  two  and  diverse  kinds.  Firstly,  we  find  clear  indications 
of  incipient  cracks,  conical  in  section  but  with  slightly  concave 
outlines,  which  are  usually  characteristic  of  mineral  matter  stressed 
beyond  its  elastic  limit,  and  pointing  to  the  crushing  of  a  practicallj 
rigid  solid ;  whereas,  secondly,  the  irregular  shape  of  the  quartses 
under  the  microscope  are  suggestive  of  a  plastic  deformation,  e.g. 
some  have  been  apparently  bulged  out  by  an  intruding  finger  of 
the  rock,  or  the  like. 

On  the  whole  I  conclude  that  the  constituents  of  the  rock  have 
been  partially  plastic  under  the  stress  to  which  they  have  been 
subjected,  but  at  the  same  time  sufiiciently  rigid  to  have  cracked 
in  the  process. 

With  the  assumption  of  these  characters  disappears  the  smashed- 
looking  aggregate  so  universally  indicative  of  crush.  The  raica 
dearly  has  been  formed  in  «t<t2,  and  the  production  of  the  quarts 
mosaic  by  crushing  and  subsequent  reconstitution  could  not  be 
safely  predicated  simply  from  an  examination  of  this  part  of  the 
section.  The  grains  of  felMpar  scattered  throughout  the  slide  are 
plentifully  sprinkled  by  minute  crystals  of  mica,  or  slightly  dis- 
coloured by  brownish  dust,  but  otherwise  are  quite  translucent, 
and  show  well-defined  poly  synthetic  twinning  (12°  to  15°).  We 
find,  then,  almost  a  new  rock ;  the  traces  of  original  quartz  grains 
are  few  in  number ;  the  mica  has  been  formed  in  ailfi  and  does  not 
suggest  a  clastic  origin ;  and  the  greater  proportion  of  the  felspars 
have  undergone  reconstruction. 

2.   The  Quartzites  of  Delhi  and  Jaipdk. 

Of  great  antiquity  '  and  greatly  altered,  tiie  old  quartzites  of  India 
near  Delhi  and  Jaipur  yet  show  no  resemblance  to  the  rocks  above 
described.  A  specimen  taken  from  the  celebrated  'Kidge'  at  Delhi 
consists  of  quartz  and  thickly  scattered,  exceedingly  small  crystals 
of  various  minerals.  The  most  common  of  these  are  shapeless  flakes 
and  scales  of  a  quite  colourless  mica,  averaging  roughly  *003  inch 
across,  distributed  without  any  orientation  through  the  rock, 
commonly  at  the  junction  of  two  or  more  quartzes.  Indications  of 
the  basal  cleavage  are  usually  wanting,  and  there  is  no  evidence  that 
the  mineral  is  detrital.  In  addition,  we  find  flakes  of  a  gummy 
brown  to  greenish  brown  tourmaline  (and  possibly  some  of  brown 
mica),  many  of  which  are  exceedingly  minute,  often  not  more  than 
*0006  inch  in  diameter,  and  which  usually  exhibit  rounded  outlines, 
especially  in  the  smaller  grains.     Other  constituents  occur,  but  ar« 

*  They  are  a  mcmbtT  of  tlie  transition  system,  i.e.  tliey  occupy  an  intermediate 
position  i>etween  the  gneisses  and  the  older  i*ala?ozoic  rocks. 
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not  eaay  to  identify,  including,  however,  calcite,  ziroon,  specular 
Iron,  and  pyrites.  Between  crossed  nicols  we  realize  the  shape- 
leasness  of  the  quartz  grains,  which  interlock  the  one  with  the  other 
as  irregular  polygons  without  any  trace  of  an  orientation.  They 
average  *019  inch  across.  A  slice  taken  from  the  very  similar  quartzite 
of  the  Kutub,  11  miles  south  of  Delhi,  possesses  less  white  mica  and 
associated  minerals,  and  the  quartzes  are  dustier  and  exhibit  outlines 
still  more  fantastically  irregular. 

As  in  the  preceding  slide,  although  we  find  indications  of  undulose 
extinction,  this  is  the  only  sign  of  pressure,  so  that  any  crushing  of 
the  grains  which  may  have  occurred  has  been  almost  entirely 
obliterated.  Now  and  then,  indeed,  we  seem  able  to  recognize  that 
the  longer  axes  of  the  grains  have  a  common  direction ;  but  the 
haphazard  cross-sections  show  outlines  sometimes  almost  of  a  horse- 
shoe shape  with  waved  edges,  at  others  elongated  with  many 
irregular  projections.  The  quartzes  contain  many  rounded  spots 
of  felspar;  these  are  unstriped,  rather  opaque,  and  often  roughly 
rectangular  in  section,  exhibiting  then  an  obscure  orientation.  So 
far  as  it  goes  this  last-named  feature  indicates  rearrangement  in  sitH. 
An  average  size  is  '008  X  '003  inch.  A  few  brown  zircon  prisms  and 
some  crystals  of  magnetite  are  found.  A  specimen  from  the  top  of 
the  ascent  to  Amber  from  Jaipur  also  contains  felspar  fragments, 
in  many  of  which  polysynthetio  twinning  (extinction  15^)  is  still 
discernible,  but  which  also  occur  as  rounded  grains  included  in 
a  quartz  crystal,  and  often  are  better  defined  than  happens  in  the 
preceding  slide. 

The  quartz  contains  rows  of  inclusions  and  gas  cavities  which 
have  a  common  direction  and  occasionally  extend  without  interruption 
from  one  grain  to  another.  Strain  shadows  are  inconspicuous,  but 
the  parallel  lines  of  inclusions  indicate  that  the  rock  has  been 
subjected  to  a  certain  degree  of  pressure.  The  felspars,  however, 
appear  not  to  have  suffered  in  the  least,  and  we  find  no  attempt  to 
break  up  into  mica  and  quartz.  The  slide  contains  also  grains  of 
bluish-green  tourmaline  up  to  -016  inch  in  length,  magnetite,  zircon, 
and  a  few  elongated  flakes  of  a  green  mica. 

These  rocks  form  a  group  usually  possessing  a  saccharoidal  lustre 
and  close-grained  texture,  and  are  distinguished  microscopically  by 
the  absence  of  evidence  of  pressure  and  by  the  irregular  outline  of 
the  quartz  grains.  These  outlines  must  naturally  have  been  acquired 
tn  situ,  the  structure  of  the  whole  proving  great  alteration. 

Conclusions. 

The  recent  researches  of  Messrs.  Adams  and  Nicolson  on  the 
*  Flow  of  Marble '  *  are  of  considerable  interest  in  the  present 
enquiry. 

In  these  experiments  stumpy  columns^  of  Carrara  marble  were 
enclosed  in  tightly  encasing  jackets  made  of  a  material  possessing 


1  **  An  Experimental  Investigation  into  tho  Flow  of  Marble  *' :  Phil.  Trans.,  1901, 

1.  195  A,  p.  363. 

^  An  incn  or  rather  less  in  diameter  and  about  1*5  inches  in  length. 
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a  high  elastic  limit  and  oonBiderable  ductility.    The  marble,  wbi( 
alone  was  subjected  to  pressure,  was  shorter  than  its  casing,  and 
was  squeezed  by  means  of  plugs  passing  into  the  ends  of  the  jacket; 
pressure  being  continued  until  the  bulging  of  the  latter  was  carrifld 
almost  to  the  point  of  rupture.     The  rock  was  squeezed  under  three 
sets  of  conditions — in  the  first  at  normal  temperature  and  dryness; 
in  the  second  heated  to  800^-400^  0. ;  and  in  the  third  permeated  bj 
water  vapour  at  a  pressure  of  460  lbs.  per  square  inch,  the  heating 
being  the  same  as  in  the  second  series.     The   following  results 
appear  significant. 

1.  The  crushing  load  of  the  deformed  marble  of  the  first  aeries 
was  considerably  less  than  that  of  the  natural  rock ;  due,  it  is 
thought,  to  the  production  of  'cataclastic  structure'  along  certain 
lines;  in  the  second  series  the  crushing  loads  were  nearly  equal, 
and  in  the  third  series  that  of  the  deformed  rook  was  at  least  equal  ^ 
to  that  of  the  natural.  Messrs.  Adams  and  Nicolson  remark  that  in 
these  experiments  the  presence  of  water  was  not  observed  to  exert 
any  influence. 

The  absence  of  cataclastic  structure  in  series  two  and  three  and 
the  high  crushing  load  of  the  deformed  rock  indicate  that  the 
constituent  grains  of  the  marble  have  suffered  no  loss  of  elasticity, 
but  that  the  conditions  were  such  as  to  allow  different  molecular 
groupings  as  the  pressure  increased. 

2.  The  experimenters  conclude  that  under  the  second  and  third 
sets  of  conditions  the  marble  '*  has  not  been  crushed  in  the  ordinary 
sense  of  the  terra,''  but  that  deformation  has  been  principally  produced 
by  slipping  on  the  gliding  planes  of  the  component  crystals. 

3.  The  shape  and  character  of  the  grains  thus  produced  closely 
resemble  those  of  a  schist. 

In  accord  with  these  results  is  the  conclusion  reached  by  Messrs. 
Ewing  and  Eosenbain^  in  describing  the  deformation  of  certain 
metals,  that  '*  each  crystalline  grain  changes  its  shape  through  slips 
occurring  within  itself,  and  its  position  through  slips  occurring  in 
other  grains  "  ;  and  they  point  out  elsewhere  ^  that,  if  the  adaptability 
of  the  grains  to  accommodate  themselves  to  the  increasing  pressure  by 
this  means  is  insufficient  they  will  be  **  driven  into  and  through  one 
another";  a  result  readily  conceivable  in  the  case  of  such  a  material 
as  lead,  but  which,  in  the  widely  different  substances  usually  con- 
sidered by  the  geologist,  seems  to  require  something  more  than 
mere  pressure. 

The  *  Upper  Slate  Member '  of  the  Penokee  Iron-bearing  rocks 
(Huronian)  described  by  Irving  and  Van  Hise*  is  a  case  where  the 
work  of  pressure  appears  to  have  been  reduced  to  a  minimum. 
Here  we  have  the  production  of  a  new  rock  from  a  greywacke, 
a  quartz  or  mica  schist  in  which  no  trace  of  a  clastic  origin  remains. 

'  SuflBcient  experiments  were  not  made  to  determine  this  point. 
2  Proc.  Roy.  Soc,  1899,  vol.  Ixv,  p.  90. 

'  In  an  experiment  on  "  the  effect  of  ven*  severe  strain  on  lead"  :  Phil.  Trans., 
1901,  vol.  196  a,  p.  285. 

*  U.S.  Geol.  Surv.  Monographs,  xix,  1892,  p.  296. 
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Tim  Hise  conoladed,  moreoTer,  that  the  heat  prodnoed  by  any 
saperinoumbent  mass  of  strata,  i.e.  mere  burying,  is  inadequate  to 
prodnoe  the  results  observed. 

That  the  conditions  imposed  on  the  marble  by  Messrs.  Adams 
and  Nicolson  may  be  imitated  in  Nature  with  sufficient  nearness 
to  prodooe  closely  similar  resultn,  may  be  taken  as  established ;  bat 
it  floes  not  follow  necessarily  that  such  conditions  imposed  upon 
a  qnartzite  would  result  in  the  production  of  a  quartz  schist  The 
pronounced  cleavage,  the  habit  of  twinning,  and  the  softness  of 
-calcite  allow  of  a  comparatively  easy  adaptation  to  altered  circnm- 
stanoes ;  hence  marble  no  doubt  readily  shows  the  effects  of  pressure 
and  heat. 

Not  only  so,  but  we  have  frequently  to  deal  in  Nature  with  a  rock 
which  instead  of  being  a  homogeneous  aggregate  of  grains  consists 
of  two  or  more  minerals,  the  physical  properties  of  which  are  very 
different.  Apply  to  such  great  pressure,  accompany  it  by  heat, 
and  limit  freedom  of  movement,  then  we  should  expect  greatest 
plasticity  to  be  found  in  that  constituent  whose  point  of  fnsibility 
iMras  most  nearly  approached ;  and  rupture,  in  varying  degree, 
in  the  remainder.  Since  a  quartzite  or  a  quartz  felspar  grit  is  an 
obdurate  rock,  we  must  infer  pressure  and  temperature  to  be 
increased  beyond  the  limits  assigned  them  in  Messrs.  Adams  and 
Nicolson's  experiments,  if  similar  results  are  to  be  produced. 
A  cataclastic  structure  is  not  a  characteristic  of  a  true  schist ;  hence 
we  must  rely  on  heat,  and  heat  plus  water,  to  play  the  greater  part 
in  the  reconstruction  ;  while  to  pressure  may  be  imputed  the 
flattening  of  the  individual  grains  and  the  foliation. 

In  the  Delhi  quartzites  we  appear  to  possess  an  example  of  the 
work  of  the  two  former  agents,  in  the  Canadian  grits  of  all  three 
combined. 

IV. — A  Vindication  op  Bacon,  Huxlky,  Dakwin,  and  Lyell. 

By  Abtuuh  R.  Hunt,  M.A.,  F.L.S.,  F.G.S. 

rpH£  recent  attempt  I  have  made  to  show  that  the  absolutely 
X  unanimous  adverse  criticism  of  Dean  Buckland  has  arisen 
from  a  misapprehension  of  the  facts  of  the  case,  has  led  me  to 
enquire  further  whether  the  same  cause  may  not  account  for  far 
more  important  results  in  other  similar  cases,  e.g.,  the  attacks  of 
Huxley  on  Bacon  ;  of  Lord  Kelvin  on  Huxley  ;  and  of  Lord  Kelvin 
and  Professor  SoUas  on  Lyell  :  attacks  which  cannot  fail  to  lead 
the  unlearned  to  believe,  not  that  the  critics  are  right,  but  that  all 
are  wrong  together,  and  unworthy  of  attention. 

Having  been  geologically  educated  from  first  to  last  on  the 
principles  of  Bacon  and  Lyell,  I  have  been  genuinely  mystified 
by  the  intense  aversion  of  Huxley  to  Bacon,  as  evidenced  by 
a  remark  made  in  1878:  **I  have  been  oppressed  by  the  humbug 
of  the  '  Baconian  induction '  all  my  life,  and  at  last  the  worm  has 
turned."  Now,  if  ever  there  was  a  genuine  Baconian  it  was 
Huxley  himself,  as  the  following  extracts  taken  in  order  of  succession 
from  Bacon's  **  Novum  Organum  "  will  suffice  to  prove  : — 
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**  Experience  is  by  far  the  best  demonstration,  provided  it  adhere 
to  the  experiment  actually  made." 

**  We  must  first,  by  every  kind  of  experiment,  elicit  the  discovery 
of  Causes  and  true  Axioms,  and  seek  for  Experiments  which  may 
afford  light  rather  than  profit.  Axioms,  when  rightly  investigated 
and  established,  prepare  us  not  for  a  limited  but  abundant  Practioe, 
and  bring  in  their  train  whole  troops  of  Effects." 

**  Fruits  and  Effects  are  the  sureties  and  vouchers,  as  it  were,  for 
the  Truth  of  Philosophy." 

"  Let  no  one  expect  any  great  progress  in  the  Sciences,  unless 
Natural  Philosophy  be  applied  to  particular  sciences,  and  particolar 
sciences  again  referred  back  to  Natural  Philosophy." 

**  The  Reverence  for  Antiquity  and  the  authority  of  men  .  .  .  • 
and  general  uuaniinity,  have  retarded  men  from  advancing  in  Science, 
and  almost  enchanted  them." 

'*  Truth  is  rightly  named  the  daughter  of  Time,  not  of  Authority." 

**  Natural  Philosophy  has,  in  every  age,  met  with  a  troublesome 
and  difficult  opponent :  I  mean  Superstition." 

"  In  these  mixtures  of  Divinity  and  Philosophy  the  rccetW 
doctrines  of  the  latter  are  alone  included,  and  any  novelty,  even 
though  it  be  an  improvement,  scarcely  escapes  banishment  and 
extermination." 

**  In  short,  you  may  find  all  access  to  any  species  of  Philosopby* 
liowever  pure,  intercepted  by  the  ignorance  of  Divines." 

''In  the  habits  and  regulations  of  .  .  .  Universities  .  .  • 
everything  is  found  to  be  opposed  to  the  progress  of  the  Sciences 
.  .  .  anything  out  of  the  common  track  can  scarcely  enter  the 
thoughts  and  contemplation  of  the  mind." 

'*  In  forming  our  axioms  from  Induction,  we  must  examine  and 
try,  whether  the  axiom  we  derive  be  only  fitted  and  calculated  for 
the  particular  instances  from  which  it  is  deduced,  or  whether  it  be 
more  extensive  and  general.  If  it  be  the  latter  we  must  observe, 
whether  it  confirm  its  own  extent  and  generality  by  giving  surety, 
as  it  were,  in  pointing  out  new  particulars,  so  that  we  may  neither 
stop  at  actual  discoveries,  nor  with  a  careless  grasp  catch  at  shadows 
and  abstract  forms  instead  of  substances  of  a  determinate  nature; 
and  as  soon  as  we  act  thus,  well  authorized  hopes  may  with  reason 
be  said  to  beam  upon  us." 

If  the  above  sentiments  were  discovered  anonymous  and  conched 
in  more  forcible  language,  it  is  not  impossible  that  they  might  be 
attributed  to  the  owner  of  the  well-known  initials  T.  H.  H. 

There  is  good  evidence  that  Huxley  failed  to  grasp  the  teaching 
of  Bacon.  For  instance,  in  criticizing  Bacon,  Huxley  observed: 
"The  desire  for  *  fruits*  has  not  been  the  great  motive  of  the 
discoverer"  (Life  and  Letters,  vol.  i,  p.  486).  As  we  have  seen 
above,  fruits  and  effects  are  not  the  objects  of  research,  but  the 
sureties  and  vouchers  for  the  Truthof  Philosophy,  just  as  a  correct 
solution  of  a  problem  is  a  surety  of  the  truth  of  the  calculation. 

Then  again  :  **  Those  who  refuse  to  go  beyond  fact,  rarely  get  a» 
far  as  fact"  (loc.  cit.).     Now  Bacon  is  ever  insistent  on  teaching 
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;  you  must  go  beyond  your  facts  to  your  '  axiom  * ;  when,  if  your 
mh  ia  sound,  it  will  carry  you  on  to  new  facts,  or,  in  Bacon's 
ds,  will  point  out '  new  particulars.' 

"he  last  quotation,  which  explains  how  an  axiom  is  formed  from 
action,  exactly  describes  the  method  by  which  Darwin  formed 
great  axiom  of  'Natural  Selection.'  What  Bacon  termed  an 
lom,' Darwin  termed  a  'theory';  but  Huxley  strangely  always 
ed  it  an  '  hypothesis,'  which  forty  years  ago  meant  no  more 
1  an  '  assumption.'  Now  Darwin's  theory  and  Bacon's  axioms 
e  far  removed  indeed  from  assumptions.  It  is  important  to  note 
*  the  axioma  of  Science  "  is  that  which  is  assumed  as  the  basis  of 
lonstration,"  while  the  axioma  of  Mathematics  is  "  a  self-evident 
position."  As  Bacon  talks  of  axioms  "  when  established,"  he 
rs  that  they  are  not  always  so  fortunate ;  whereas  a  mathematical 
»m  is  assumed  to  be  established  beyond  contradiction, 
"hat  Huxley  should  have  preached  against  the  Baconian  Induction 

Experimental  Philosophy,  has  no  doubt  given  rise  to  a  flood  of 
>un(l  guesswork,  and  necessitated  the  Baconian  warning :    "  Nor 

we  suffer  the  understanding  to  jump  and  fly  from  particularH 
emote  and  most  general  Axioms     ...     we  must  not     .     .     . 

wings,  but  rather  lead  and  ballast  to  the  Understanding,  to 
rent  its  jumping  or  flying,  which  has  not  yet  been  done;  but 
>never  this  takes  place  we  may  entertain  greater  hopes  for  the 
>nces." 

'ut  Huxley,  in  spite  of  his  heretical  preaching,  was  a  staunch 
onian,  and  never  himself  lacked  the  lead  and  ballast;  indeed,  in 
4  he  wrote:  "  The  a  priori  road  to  scientific,  political,  and  all 
)r  doctrine  is  H.R.H.  Satan's  invention — it  is  the  intellectual 
id  and  easy  path  which  leadeth  to  Jeliannuin.  The  King's  road 
be  strait  path  of  painful  observation  and  experiment,  and  few 
r  be  that  enter  thereon  "  (L.  &  L.,  vol.  ii,  p.  ^83). 
^  would  thus  seem  that  Huxley's  attack  upon  Bacon  was  owing 
i  misconception  of  the  Baconian  Philosophy.  Until  I  read 
dey's  aforesaid  attacks  I  had  taken  the  Experimental  Philosophy 
•nd-hand,  from  the  practice  of  such  men  as  Darwin,  De  la  Beche, 

Lyell ;  but  on  essaying  to  read  for  myself,  1  found  all  the 
ular  editions  out  of  print,  and  had  to  purchase  a  fancy  volume 
led  for  its  typography.  Under  these  circumstances  one  is 
pted  to  wonder  how  many  of  the  critics,  of  the  Huxley  school, 
s  even  read  the  "Novum  Organum."  Some  years  ago  I  wrote  a 
ewhat  combative  paper  on  **  Professorial  Kesearch,"  believing  the 
ject  to  be  original !  whereas  the  **  Novum  Organum  "  opens  with 
remark — "  They  who  have  presumed  to  dogmatize  on  Nature 
.  .  in  the  professorial  style,  have  inflicted  the  greatest 
ry  on  Philosophy  and  Learning."  Max  Miiller,  writing  in  the 
Ueenih  Century  in  June,  1894:,  observed  that  in  Germany, 
>r  a  philosopher  who  does  not  belong  to  the  professorial  caste  to 
I  a  hearing  is  extremely  difficult  ....  the  outsider  does 
exist."  Bacon  obviously  was  an  amateur  in  thought  as  well  as 
leed,  a  rank  outsider.     Strangely  enough,  Huxley  was  equally 
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strong ;  e.g.,  *'  As  for  government  by  professors  only,  the  fact  of 
their  being  speoialists  is  against  them  ....  unfortunately, 
there  is  among  them,  as  in  other  professions,  a  fair  sprinkling  of 
one-idea'd  tanatios,  ignorant  of  the  commonest  conventions  of  official 
relation,  and  content  with  nothing  if  they  cannot  get  everything 
their  own  way  "  !  (Life  and  Letters,  vol.  ii,  p.  312). 

Kelvin  v.  Huxley, 

In  an   address  to   the  Victoria  Institute  in  1897  Lord  Kelvin, 
referring  to  an  observation  of  Huxley  in  1869  regarding  the  age 
of  the  Earth — viz.,  ''  Most  of  us  are,  1  expect,  Gallios  who  oare  for 
none  of  these  things,  being  of  opinion  that,  true  or  fictitious,  they 
have  made  no  practical  difference  to  the  earth  during  the  period  of 
which  a  record  is  preserved  in  stratified  deposits," — suggested  that 
Huxley's  indifference  was  due  to  his  ignorance  that  there  vras  valid 
foundation  for  estimates  worth  considering  as  to  absolute  magnitudes. 
But  Lord  Kelvin  entirely  ignored  Huxley's  reply  in  1876,  when  he 
pointed  out  that  should  Lord  Kelvin  tell  him  his  geological  authority 
was  quite  wrong,  liis   answer  would  be,  ''That  is  not  my  affair; 
settle   that  with   the  geologist,  and  when   you   have   come   to  an 
agreement  among  yourselves  I  will  accept  your  conclusion  "  (ColL 
Essays,  vol.  iv,  p.  I3o).     No  man  could  say  more  than  this. 

Kelvin  v.  Darwin. 

Lord  Kelvin  quotes  from  Jukes'  "Students'  Manual"  as  follows: 
**  Mr.  Darwin,  in  his  admirably  reasoned  book  on  the  origin  of 
species  .  .  .  estimates  the  time  required  for  the  denudation 
of  the  rocks  of  the  Weald  of  Kent  .  ,  .  at  three  hundred 
millions  of  years  *^  (Trans.  Vict.  Inst.,  vol.  xxxi,  p.  12). 

This  Lord  Kelvin  thinks  very  foolish,  but  so  did  Darwin ;  for  in 
1866  he  writes  to  Professor  Charles  Pritchard,  F.R.S. :  ''That  is 
a  very  foolish  episode  of  mine  about  the  Wealden,  and  was  struck 
out  in  the  later  editions"  (Life  of  Professor  Pritchard,  p.  94). 

Not  only  was  the  passage  quoted  by  Lord  Kelvin  struck  out,  vis., 
"In  all  probability  a  far  longer  period  than  300,0(X),0(K)  years  has 
elapsed  since  the  latter  part  of  the  Secondary  period,"  but  the  whole 
two  pages  which  referred  to  the  Wealden  were  rejected. 

Kelvin  v.  LyelL 

**  Led  by  Hutton  &  Playfair,  Lyell  taught  the  doctrine  of  eternity 
and  uniformity  in  geology  "  (loc.  cit.,  p.  16). 

Lord  Kelvin  here  again  entirely  ignores  Huxley's  refutation  in 
1870,  twenty-one  years  before  the  old  charge  was  furbished  up 
again,  viz.,  ''  It  is  clear  that  the  consistent  working  out  of  the 
uniformitarian  idea  might  lead  to  the  conception  of  the  eternity  of 
the  world.  Not  that  1  mean  to  say  that  either  Hutton  or  Lyell  held 
this  conception — assuredly  not ;  they  would  have  been  the  first  to 
repudiate  it"  (Coll.  Ess.,  vol.  iv,  p.  52). 

Then  listen  to  Lyell  himself.  **  It  cannot  be  denied  that  our 
failure  to  detect  signs  of  them  [the  vertebrata]  in  older  strata,  in 
proportion  to  the  rank  of  their  organization,  favours  the  doctrine 
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of  development,  or  at  least  of  the  successive  appearance  on  the  earth 
of  beings  more  and  more  highly  organized  .  .  .  .  "  (Elements, 
1865,  p.  586).  And  again,  "  It  may  or  may  not  be  true  .... 
tliat  the  whole  planet  was  once  in  a  state  of  liquefaction  by  heat  '* 
(loc-  cit.,  p.  90). 

There  is  neither  eternity  nor  uniformity  in  these  passages,  petro- 
logical  or  palaaontological.  It  seemed  to  me  such  a  serious  thing 
that  sach  baseless  charges  against  our  most  illustrious  geologists 
should  not  only  be  brought  before  a  scientific  institution,  but  be  sold 
at  a  oheap  rate  to  the  public,  that  I  sent  in  my  resignation  as  an 
issooiate  of  the  Victoria  Institute. 

For  my  own  instruction  I  sought  to  discuss  Lord  Kelvin's  address 
with  a  distinguished  geologist  and  teacher,  but  he  refused  either  to 
read  the  address,  to  permit  me  to  read  extracts,  or  to  discuss  it  in 
any  way,  on  the  ground  that  Lord  Kelvin  was  not  a  geologist,  and 
that  it  would  be  an  absolute  waste  of  time  to  discuss  his  opinions 
on  geology.  I  then  applied  to  another  distinguished  man  whom 
Lord  Kelvin  had  criticized,  but  he  had  not  even  taken  the  trouble 
to  ascertain  what  had  been  said  of  him.  In  fact,  I  was  not  only 
driven  from  the  geological  judgment- seat,  but  bantered  for  taking 
the  matter  so  seriously. 

Under  these  circumstances  I  attended  the  Meeting  of  the  British 
Association  at  Bradford.  To  my  unbounded  consternation  I  heard 
my  friend  Professor  SoUas,  President  of  Section  C,  in  the  opening 
passages  of  his  address  repeat  Lord  Kelvin's  charge  against  Lyell, 
with  the  addition  of  a  serious  reflection  on  the  latter's  honesty. 
After  excusing  Button's  ignorance  the  distinguished  President  went 
on  to  say:  "With  Lyell,  however,  the  case  was  different:  in  pressing 
bis  uniform itarian  creed  on  geology  he  omitted  to  take  into  account 
the  great  advances  made  by  its  sister  sciences,  although  he  had 
knowledge  of  them,  and  thus  sinned  against  the  light.  In  the  last 
edition  of  the  famous  '  Principles '  we  read  :  <  It  is  a  favourite  dogma 
of  some  physicists  that  not  only  the  earth  but  the  sun  itself  is 
continually  losing  a  portion  of  its  heat,,  and  that  as  there  is  no 
known  source  by  which  it  can  be  restored  we  can  foresee  the  time 
when  all  life  will  cease  to  exist  on  this  planet,  and  on  the  other 
hand  we  can  look  back  to  a  period  when  the  heat  was  so  intense 
as  to  be  incompatible  with  the  existence  of  any  organic  beings 
such  as  are  known  to  us  in  the  living  or  fossil  world  .  .  .  . 
a  geologist  in  search  of  some  renovating  power  by  which  the  amount 
of  heat  may  be  made  to  continue  unimpaired  for  millions  of  years, 
past  and  future,  in  the  solid  parts  of  the  earth  ....  has 
been  compared  by  an  eminent  physicist  to  one  who  dreams  he  can 
disoover  a  clock  with  a  source  of  perpetual  motion  and  invent 
a  self-winding  apparatus.  But  why  should  we  despair  of  detecting 
proofs  of  such  regenerating  and  self-sustaining  power  in  the  works 
of  a  Divine  Artificer  ?'  Here  we  catch  the  true  spirit  of  uniformity ; 
it  admittedly  regards  the  universe  as  a  self-winding  clock,  and 
barely  oonoeals  a  conviction  that  the  clock  was  warranted  to  keep 
true  Qieenwioh  time"  (SoUas,  Bep.  Brit.  Assoc.  Bradford,  p.  712). 
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On  this  passage  the  charge  of  sinning  against  the  light  is  founded. 
Now  it  is  a  matter  of  no  sort  of  importance  whether  Lyell  was  rigbt 
or  wrong,  but  it  is  a  matter  of  grave  importance  to  his  reputatioa 
whether  he  either  weakly  deceived  himself  or  wickedly  deceived 
other  people. 

Sinning  against  the  light  was  certainly  not  the  character  of 
Sir  Charles  Lyell,  as  is  well  shown  by  his  prompt  renunciation 
of  his  old  principles  in  favour  of  Darwinism  and  the  antiquity  of 
Man.  Pengelly  writes  in  September,  1862  :  '*  In  his  new  book  he 
[Lyell]  says  he  is  '  going  the  whole  hog '  both  in  the  antiquity  of 
man,  and  Darwinism,  and  if  any  man  deserved  excommunication 
he  thinks  he  certainly  will  *'  (Life  of  W.  Pengelly,  p.  135). 

It  is  always  lawful  for  a  man  to  defend  his  position  until  it  is 
proved  untenable ;  and  the  question  is,  whether  the  doctrine  of  the 
stability  of  the  solar  system  and  the  maintenance  of  the  sun's  heat 
was  so  thoroughly  disproved  as  to  make  its  continued  acceptance 
scarcely  honest. 

It  is  worth  noticing  that  in  a  very  popular  book,  "  The  Orbs  of 
Heaven,"  1859,  by  O.  M.  Mitchell,  Director  of  the  Cincinnati 
Observatory,  the  following  passage  occurs  :  "  I  see  the  mighty 
orbits  of  the  planets  slowly  rocking  to  and  fro,  their  figures 
expanding  and  contracting,  their  axes  revolving  in  their  vast  periods; 
but  stability  is  there.  Every  change  shall  wear  away,  and  after 
Hweeping  through  the  grand  cycle  of  cycles,  the  whole  system 
shall  return  to  its  primitive  condition  of  perfection  and  beauty" 
(loc.  cit.,  p.  125). 

Lyell  died  in  1875.  In  1882,  seven  years  later,  C.  W.  Siemens, 
President  of  the  British  Association,  an  electrical  expert,  propounded 
the  very  selfsame  electrical  self-winding  clock  theory;  for  which 
Lyell  has  been  so  severely  blamed,  not  for  propounding,  but  for 
merely  suggesting. 

Siemens  writes  as  follows :  **  In  March  last  I  ventured  to  bring 
before  the  Boyal  Society  a  speculation  regarding  the  conservation  of 
solar  energy,"  which  he  proceeds  to  briefly  state,  and  subsequently 
proceeds  :  *'  If  chemical  action  and  reaction  can  further  be  admitted, 
we  may  be  able  to  trace  certain  conditions  of  thermal  dependence 
and  maintenance,  in  which  we  may  recognize  principles  of  high 
perfection,  applicable  also  to  comparatively  humble  purposes  of 
human  life "  (Siemens,  Rep.  B.A.  Southampton,  p.  33),  These 
theories  may  or  may  not  be  sound,  but  they  were  boldly  announced 
from  the  Chair  of  the  British  Association  as  well  as  defended  before 
the  Royal  Societ}'. 

And  yet  again,  twenty  years  later,  in  1902,  from  the  most 
fashionable  scientific  rostrum  in  London,  that  of  the  Royal  Institution, 
we  hear  Mr.  Wells  saying :  "  Some  day  this  earth  of  ours,  tideless 
and  slow  moving,  will  be  dead  and  frozen,  and  all  that  has  lived 
upon  it  will  be  frozen  out  and  done  with.  There  surely  man 
must  end.  That  of  all  such  nightmares  is  the  most  insistently 
convincing.  And  yet  one  doesn't  believe  it  At  least  I  do  not 
And  I  do  not  believe  in  these  things  because  I  have  come  to  believe 
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in  oertain  other  things — in  the  coherency  and  purpose  in  the  world 
and  in  the  greatness  of  human  destiny.  Worlds  may  freeze  and 
8UD8  may  perish,  hnt  there  stirs  something  within  us  now  that  can 
never  die  again"  ("The  Discovery  of  the  Future,"  T.  G.  Wells, 
Mure,  1902,  p.  531). 

If  the  Boyal  Institution  listens  respectfully  in  the  twentieth 
ceDtury  to  the  unsupported  belief  that  man  will  survive  his  frozen 
globe,  and  the  British  Association  listened  respectfully  to  Siemens' 
speculations  on  such  thermal  maintenance  as  would  avoid  that  cold 
contingency,  must  Lyell  be  deemed  as  sinning  against  the  light 
if  he  did  not  despair  of  the  detention  of  proofs  of  a  self-sustaining 
power,  the  position  taken  by  Lyell  being  far  less  confident  than 
that  of  either  Siemens  or  Wells  ? 

It  may  be  worth  while  to  notice  an  admirable  summary  by 
Phillips  of  the  state  of  geological  theory  in  1839:  "That  the  doctrine 
of  progressive  cooling  of  our  globe  is  to  be  now  received  as  an 
established  theory,  those  who  desire  the  real  progress  of  geology 
will  prevent  themselves  from  affirming;  and  perhaps  few  who  have 
attended  to  the  inferences  contained  in  these  volumes  will  hesitate 

to  believe  that  it  will  one  day  become  so The  figure  of 

the  earth,  its  density,  the  actual  temperature  of  its  surface  and 
interior  parts,  etc.,  are  all  capable  of  explanation  by  this  one 
consideration"  (Phillips'  Treatise  on  Geology,  vol.  ii,  p.  277). 

The  earliest  teaching  I  received  in  geology,  some  time  in  the 

fifties,  was,  that  the  figure  of  the  earth,  the  oblate  spheroid,  proved 

its  original  liquidity ;  and  that  catastrophe  was  "  the  forlorn  hope 

of  an  almost  extinct  body  of  philosophers."     LyelFs  Unifonnitarian 

theory  was  the  protest  against  a  series  of  creations  aud  catastrophes. 

Like  a  good  cobbler  he  stuck  to  his  last  and  left  cosmogony  to  the 

astronomers  and  physicists,  who  alone  were  competent  to  deal  with 

it,  or  at  least  were  supposed  so  to  be.     But  I  must  say  I  have  my 

doubts.     Bacon's  test  for  a  sound  theory  is  that  it  shall  be  able  to 

confirm  its  own  extent  and  generality  by  giving  surety  in  pointing 

out  new  particulars.     If  the  rule  be  sound  it  will    prove  itself  in 

the   example.      Now  Lord   Kelvin's   '  Age   of  the  Earth '  breaks 

down  completely  in  his  own  hands  when  put  to  this  test.     He  has 

worked  us  an  example  of  his  own  choosing,  wherein,  so  to  speak, 

every  figure  is  wrong. 

Based  on  his  hypothesis  of  the  mode  of  consolidation  of  the  Earth 
is  Lord  Kelvin's  conjecture  of  the  *  Probable  Origin  of  Granite,' 
e.g. :  In  the  primeval  lava  there  arises  ''a  snow  shower  of  solidified 
lava  or  of  crystallized  flakes,  or  prisms,  or  granules  of  felspar,  mica, 
hornblende,  quartz,  and  other  ingredients.  .  .  .  This  process 
goes  on  until,  by  the  heaping  of  granules  and  crystals  on  the 
bottom,  our  lava  ocean  becomes  silted  up  to  the  surface  .  .  . 
at  the  stage  now  reached  [we  have]  a  red  hot  or  white  hot  surface 
of  solid  granules  or  crystals  with  interstices  filled  with  the  mother 
liqnor  still  liquid,  but  ready  to  freeze  at  the  slightest  cooling. 
.  .  .  It  was  probably  this  interstitial  mother  liquor  that  was 
destined  to  form  the  basaltic  rook  of  future  geological  time"  (''The 
Age  of  the  Earth,"  Trans.  Vict.  Inst.,  vol.  xxxi,  pp.  24,  26). 
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It  will  be  observed  tbat  Lord  EeWin'a  granite  is  not  neoesaarily 
even  a  platonio  rock.  Its  original  crystals  of  mica,  felspar,  quarts, 
hornblende,  and  oilier  minerals  are  brought  together  by  gravitition. 
and  have  invariably  a  basaltic  matrix.  JESr  kypoiheiif  it  can  nefer 
be  otherwise.  Now  the  questions  arise  whether  a  granite  of  thii 
description  has  ever  been  seen  by  any  petrologtst,  and  does  it 
accord  with  the  microscopic  character  of  any  known  granite?  Bat, 
granting  for  the  sake  of  argument  the  possibility  of  Uie  formation  of 
such  a  primeval  granite ;  to  what  entirely  different  origin  are  we 
to  attribute  the  numerous  non-primeval  granites  in  which  gravitation, 
drifting,  and  surface  consolidation  are  out  of  the  qneationy  and  yet 
gpranites  of  different  ages  are  practically  indistinguishable  the  one 
from  the  other  ?  Lord  Kelvin's  theory  not  only  assumes  that  all 
the  granitic  minerals  cryKtallized  out  of  the  basaltic  magma  simul- 
taneously, but  that  all  sank  at  the  same  rate,  and  were  therefore  al) 
heavier,  and  equally  so,  than  the  residual  liquor ;  whereas,  assuming 
that  the  granitic  minerals,  mica,  felspar,  and  quartz,  could  crystallise 
out  of  a  magma  largely  composed  of  augite  and  iron,  they  would 
tend  to  rise  rather  than  sink,  and  these  granitic  minerals  would  have 
oon8oliHated  at  the  surface  instead  of  the  bottom.  But,  as  it  ii  an 
established  fact  that  the  granitic  quartzes  and  felspars  consolidated 
imder  great  pressure,  in  the  presence  of  water  in  some  form,  it  i» 
clear  that  granite  was  formed  in  some  other  way  than  by  a  shower 
of  crystalline  granules. 

Geologists  have   hesitated   to   propound  a  'Theory  of  Granite,' 
knowing  the  difHculties ;  therefore,  Lord  Kelvin's  theory  holds  tbe 
field.      Now,  Lord  Kelvin^s  '  Probable  Origin  of  Granite,'  and  of 
Basalt,  occupies  exactly  two  octavo  pages.     Within  that  small  space 
the  word  *  must'  occurs  eight  times,  the  word '  probable'  or  'probably' 
six  times,  '  may  have'  twice,  'pretty  sure'  once,  'almost  certainly' 
once.  Any  one  of  these  words  or  phrases  would  sufiice  to  cast  suspicion 
on  a  new  theory  ;  but  it  is  not  a  case  of  one,  but  of  eighteen.     Such 
a  doubtful  '  axiom  '  must  be  founded  on  not  a  few  fallacies,  and  here 
are  two  of  them.     Lord  Kelvin  assumes  that  because  consolidated 
basalt  is  heavier  than  molten  basalt,  and  will  therefore  sink  in  its 
own  liquor,  every  mineral  crystallized  out  of  the  basaltic  liquor  will 
also  sink.     But  as  is  well  known,  though  some  minerals  are  heavier 
than  the  liquor,  others  are  lighter.    Secondly,  Lord  Kelvin  overlooks 
the  fact  tbat  lava,  frozen  on  the  surface  of  a  lava-lake,  would  often 
entrap  bubbles   of  expanded   gases,  and   be  therefore  very  much 
lighter  than  the  main  mass  of  the  lava,  whether  solid  or  liquid. 
Some  of  our  cosmogonists  would  do  well  to  refresh  their  geology  by 
a  reference  to  Lyell  on  tbe  subject  of  pumice. 

As  Lord  Kelvin's  '  Theory  of  the  Age  of  the  Earth  '  seems  based 
on  the  false  hypothesis  that  consolidated  basalt  and  crystallized 
minerals  must  necessarily  sink  in  liquid  lava,  the  failure  of  the 
hypothesis,  or  underprop,  involves  the  collapse  of  the  theory. 
Pengelly's  assimilation  of  the  Baconian  teaching  was  much  at 
follows.  Every  theory  is  based  on  many  facts,  or  supposed  facts. 
If  a  single  one  of  these  supposed  facts  is  disproved  the  whole  theory 
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fails.  Lord  Kelvin  assumes  that  the  earth  consolidated  throughout 
from  within  outward,  and  that  the  surface  was  the  last  to  harden. 
Mineralogy,  Petrology,  and  Geology  say — No. 

By  way  of  recapitulation  I  must  submit  that  the  charges  levelled 
respectively  against  Bacon,  Huxley,  Darwin,  and  Lyell  have  all 
failed,  and  for  the  following  reasons. 

Huxley  objected  to  Bacon  only  theoretically.  In  practice  he 
followed  him.  The  Baconian  system  of  working  from  experience 
to  axiom,  from  axiom  to  experience,  and  back  again  to  axiom,  until 
the  latter  is  established,  is  the  only  safe  road,  and  a  safe  road  it  is. 

Lord  Kelvitrs  attack  on  Darwin,  for  an  error  acknowledged  and 
corrected  some  thirty-six  years  previously,  is  a  species  of  attack 
which  no  reputation  can  withstand. 

Lord  Kelvin's  attack  on  Lyell  is  sufficiently  repelled  by  Huxley. 

Professor  Sollas*s  charge  against  Lyell,  of  what  almost  amounts 
to  mala  fides,  is  disposed  of  by  showing  that  men  of  repute  have 
held  doctrines  even  more  unorthodox  without  their  good  faith  being 
questioned. 

I  may  perhaps  be  allowed  to  say  that  I  have  myself  been 
compelled  to  attempt  the  solution  of  problems  of  the  most  varied 
character,  for  none  of  which  I  was  fitted  by  previous  training ;  and 
that  under  these  adverse  circumstances  I  have  never  known  the 
Baconian  method  to  fail. 

Before  undertaking  the  investigation  of  the  age  of  the  Devonshire 
schists  I  had  never  so  much  as  seen  a  section  of  schist.  After  my 
paper  on  Ripplemark  was  in  print  I  heard  for  the  first  time  of  the 
existence  of  Airy*s  standard  work  on  Tides  and  Waves  ;  and  as  for 
petrology,  I  have  never  had  a  couple  of  hours  instruction  in  my 
life,  to  my  own  infinite  loss  and  regret.  Pengelly  used  to  say  : 
*'  Be  careful  in  scientific  enquiries  that  you  get  a  sufficient  number 
of  trustworthy  facts,  that  you  interpret  them  with  the  aid  of 
a  rigorous  logic,  that  on  suitable  occasions  you  have  courage  enough 
to  avow  your  convictions  ;  and  don't  be  impatient  if  your  friends 
don't  receive  all  your  conclusions,  or  even  if  they  call  you  hard 
names."  This  is  safe  advice,  and  it  may  be  added  that  if  by  any 
possibility  two  entirely  distinct  lines  of  enquiry  can  be  induced  to 
point  to  the  same  fact,  that  fact  is  probably  trustworthy,  whereas  if 
three  agree  it  most  certainly  is  so.  For  instance,  if  after  a  gale 
a  dredge  indicates  a  wave-rippled  bottom,  and  if  the  fauna  present 
are  specially  adapted  to  resist  waves,  and  if  mathematioal  theory 
asserts  wave-action  at  the  particular  depth — experience,  zoology, 
and  mathematics  agree,  and  there  is  no  doubt  the  bottom  is  rippled. 
If,  in  addition,  the  ripples  can  be  experimentally  reproduced  by 
proportionate  waves  at  a  proportionate  depth,  experience,  experiment, 
zoology,  and  theory  all  agree.  It  is  rarely  enough  that  a  fact  can  be 
assured  by  four  harmonious  cross-bearings,  but  two  cross-bearings, 
if  accurate,  are  sufficient,  whereas  three  are  conclusive.  For 
instance,  when  geology,  zoology,  and  chemistry  agree  independently 
as  to  the  age  of  the  Cambrian  rocks,  or  as  to  the  salinity  of  the  sea 
at  that  epoch,  that  much  desired  information  will  have  been  obtained. 
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In  the  meantime  it  is  an  objeot  still  more  to  be  desired,  that 
scientific  men  shonld  discontinue  the  practice,  first  introdaoed  bj 
Hnxley,  of  prosecnting  research  by  the  matnal  application  of  '  beak 
and  claws,'  as  otherwise  the  only  possible  effect  on  the  world  in 
general  will  be  the  one  represented  by  the  following  astounding 
observation  made  to  me  by  a  highly  educated  man  of  the  world: 
''  Scientists  are  a  disagreeable  lot,  not  worth  controverting  "  ! 

So  far  as  my  own  observation  goes,  science  has  never  been  at  so 
low  an  ebb  in  the  estimation  of  the  general  public  as  at  present, 
unless  they  fancy  they  see  'money  in  it.'  During  the  last  five 
years  science  has  been  struck  four  staggering  blows.  Two  have 
been  already  mentioned,  but  perhaps  nothing  can  equal  in  danger 
the  attack  made  on  British  science  and  the  old  Universities  by  the 
President  of  Section  B  at  Glasgow,  this  being  coupled  with 
a  panegyric  on  the  German  methods  of  teaching  and  research, 
together  with  scathing  contempt  for  the  two  English  Colleges 
which  have  ever  aimed  at  the  highest  attainable  standard  of 
education,  Trinity  and  BalHol.  Really,  one  would  think  Cambridge 
had  done  fairly  well  with  such  men  as  Kelvin,  Stokes,  Rayleigh, 
Airy,  Sedgwick,  Bonney,  Teall,  and  Balfour,  and  scores  of  others 
who  have  made  their  marks,  though  not  always  such  deep  ones. 
At  the  present  moment  the  claims  of  science  are  being  pressed  on 
the  unscientific  public  in  a  remarkable  book  entitled  "Anticipations," 
in  which  the  average  intelligent  Englishman  is  severely  handled. 

It  is  scarcely  fair,  but  I  cannot  resist  quoting  Bacon's  judgment 
on  Anticipations  and  Interpretations.  Here  it  is :  "  We  have 
accustomed  ourselves  to  call  the  one  method  the  '  Anticipation  of 
the  Mind,''  and  the  other  the  *  Interpretation  of  Nature.*  **  He  refers 
to  the  former  method  as  follows  :  **  And  as  for  those  who  prefer 
and  more  readily  receive  the  former  ....  because  they  are 
unable  from  weakness  of  mind  to  comprehend  and  embrace  the 
other  (which  must  necessarily  be  the  case  with  by  far  the  greater 
number),  let  us  wish  that  they  may  prosper  as  they  desire  in  their 
undertaking,  and  attain  what  they  pursue."  Readers  will  kindly 
note  that  this  a))palling  sarcasm  is  Lord  Yerulam*s,  not  mine. 
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I. — A  Text-book  of  Geology.  By  Albert  Perry  BBionAM,  A.M., 
Professor  of  Geology  in  Colgate  University.  8vo ;  pp.  477,  with 
294:  illustrations.  (London :  Hirschfeld  Brothers,  Ltd.,  1902. 
Price  6«.  nett.) 

rpHTS  is  a  clearly  written  introduction  to  geology,  full  of  in- 
X  formation  and  yet  devoid  of  detail,  and  as  well  fitted  as  any 
hook  with  which  we  are  acquainted  to  stir  up  interest  in  the  science 
and  to  provide  the  general  reader  with  a  knowledge  of  the  principles 
and  leading  results  of  geological  investigation.  The  work  is  divided 
into  three  parts  doalinfi:  witJi  Dynamical,  Structural,  and  Historical 
Geology.     After  a  luief  intioiluction  of  but  two  pages,  the  author 
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;art8  on  the  geological  work  of  winds.  In  the  oourse  of  his 
^marks  he  points  out  the  useful  lessons  that  may  be  learned  from 
be  disc  of  earth  lifted  by  a  falling  tree,  from  the  ridge  and  hollow 
[lereby  formed,  from  the  erosion  that  may  result  from  the  exposure 
f  the  soil  to  wind  and  water,  or  from  the  obstruction  that  may  arise 
0  drainage.  The  tearing  up  to  a  depth  of  four  or  five  inches  and 
cattering  of  soil  in  one  district,  or  the  formation  elsewhere  of 
ugged  cliffs  of  calcareous  sandstone  by  wind-drifted  beach  deposits 
aade  up  of  fragments  of  shell  and  ooral,  afterwards  solidified 
hrough  the  cementation  of  the  particles,  are  again  vividly  pour- 
rayed.  Illustrations  are  also  given  of  the  loess  in  China  with  its 
lug-out  human  habitations.  Referring  to  the  subject  of  weathering, 
nd  to  the  minor  agent  of  electricity,  mention  is  made  of  an  irregular 
rain  of  fulgurites  leading  off  from  a  tree  which  was  struck  by 
ightning  in  Florida.  The  erosive  and  transporting  powers  of  rivers 
ire  dealt  with,  and  the  alluvial  deposits  are  traced  from  their  sources 
n  cliff  and  talus  to  estuarine  deposits  and  bars.  Olaciers,  lakes, 
loeans,  and  volcanoes  receive  lucid  treatment,  and  all  the  subjects 
ire  illustrated  by  diagrams  and  excellent  pictorial  views.  The 
Ilnstrations,  indeed,  are  drawn  from  all  parts  of  the  world. 

Structural  Oeology  is  dealt  with  briefly,  the  definitions  being  in 
me  or  two  instances  too  concise,  as  when  we  are  told  that  ''Hydraulio 
imestone  is  so  called  because  when  ground  it  will  '  set '  under 
vater.'*  From  a  consideration  of  the  minute  structure  we  are  led 
m  to  contemplate  the  "gross  structure"  of  rocks — stratification, 
bids,  and  faults,  veins,  bedded  ore,  placer  deposits,  and  other 
>henomena.  In  the  chapter  on  Physiographic  Structures  various 
ypes  of  mountains  are  explained,  as  well  as  valleys,  lake  basins,  the 
levelopmeut  of  a  land  surface  in  youth,  maturity,  and  old  age,  and 
he  evolution  of  drainage. 

In  the  section  on  Historical  Geology  the  principal  formations  are 
)riefly  described,  with  especial  reference  to  America,  while  the 
basils  are  treated,  not  with  respect  to  the  latest  nomenclature,  but 
n  a  broad,  general  way :  thus,  a  "  Carboniferous  Crinoid "  or 
'  Jurassic  Crustacean "  is  illustrated,  while  other  organisms  are 
jenerically  or  specifically  designated.  Some  of  the  figured  fossils  are 
veil-known  British  forms,  but  the  references  to  physical  conditions 
knd  economic  deposits  are  essentially  American.  General  questions 
>f  correlation  are  treated  in  a  philosophic  spirit,  and  if  we  miss 
kny  special  reference  to  pal^eontu logical  zones,  and  to  some  other 
opics,  we  can  without  hesitation  heartily  commend  this  book  to  the 
avourable  attention  of  our  readers.  H.  B.  W. 

I. A     BlBLIOORAPHT     OP     StONEIIENQE     AND     AvEBURY.        By    W. 

Jebomk  Harrison,  F.G.S.     (Wilts  Archaeol.  and  Nat.  Hist  Mag., 
vol.  xxxii,  December,  1901.) 

rHTS  is  a  quarto  work  of  169  pages  containing  the  titles  of 
947  books,  papers,  etc.,  by  732  authors,  including  143  who 
lave  hidden  their  identity  and  appear  as  *'  Anon."  The  authors 
late  from  Herodotus,  b.o.  4o<),  to  Sir  Norman  Lockyer  and  Dr.  F.  C. 
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Penrose,  1901,  whose  recent  observations  indicate  that  the  date  of 
the  erection  of  Stonehenge  may  be  about  1680  b.g.  Short  abstracts 
or  summaries  of  the  contents  of  the  different  books  and  papers  are 
given,  and  the  work  contains  some  photographic  plates  of  Aveboiy 
and  Stonehenge.  Every  important  reference  to  the  subject,  scientific 
and  literary,  appears  to  have  been  noted,  as  may  be  judged  when 
we  mention  that  George  Borrow's  "Lavengro,"  Hardy's  "Teas  of 
the  D'Urbervilles/'  and  other  works  of  similar  character  are  included 
in  the  Bibliography.  Geologists  will  be  interested  in  the  worb 
dealing  with  the  character  and  origin  of  the  materials  used  in  the 
''  Great  Stone  Monuments  of  Wiltshire."  The  subject  is  a  many- 
sided  one,  and  all  interested  will  feel  gratitude  to  Mr.  Harrison 
for  his  laborious  and,  it  is  needless  to  add,  most  carefully  execnted 
work.  H.  B.  W. 

III.— The  Ska-Coast.  By  W.  H.  Whbblku,  M.InstC.E.  8vo; 
pp.  361,  with  39  illustrations.  (London  :  Longmans,  Green,  ^ 
Co.,  1902.     Price  10«.  6d.  nett.) 

IN  this  work  the  author  gives  the  results  of  his  long  experience 
on  tbe  coasts  of  England,  Belgium,  and  Holland,  with  especial 
reference  to  the  protection  of  the  land  from  the  ravages  of  the  sea. 
As  an  engineer  charged  with  the  design  of  important  works  for 
coast-protection,  he  has  given  particular  attention  to  the  laws  which 
govern  the  action  of  waves  breaking  on  the  shore,  and  the  effect 
produced  by  them  on  the  beach,  and  on  sea-walls  and  groynes ;  he 
has  likewise  devoted  much  study  to  the  conditions  under  which 
material  is  drifted  along  the  coast. 

In  many  of  the  subjects  thus  dealt  with  the  geologist  is  more  or 
less  interested,  especially  in  the  waste  on  many  parts  of  the  coast 
where  **  The  fight  between  sea  and  land  is  continuous  and  unceasing.'* 
In  some  localities  the  cost  of  preservation  of  the  cliffs  maj'  be  greater 
than  the  value  of  the  land ;  but  as  man  is  sometimes  an  agent  of 
destruction  it  is  satisfactory  to  know  that  when  the  removal  of  beach 
material  is  shown  to  be  injurious  to  the  coast,  the  Board  of  Trade 
issues  an  order  prohibiting  further  material  being  taken  away. 

From  a  geological  point  of  view  some  of  the  statements  of  the 
author  require  revision,  as  they  lack  clearness.  ITius,  referring  to 
the  flint  shingle  on  the  South  Coast,  he  remarks  that  •*  Many  are 
quite  angular,  and  are  still  coated  with  the  white  colour  of  the 
chalk  from  which  they  are  derived,"  having,  we  presume,  the  white 
siliceous  crust  characteristic  of  chalk  flints. 

Again,  there  is  a  vagueness  about  the  sentence  *'  It  seems 
improbable  that  the  extensive  banks  of  shingle  at  Aldborough  and 
■  Weybourne,  each  several  miles  in  length,  can  have  accumulated 
from  any  waste  of  adjacent  clifts  now  going  on.  The  present  source 
of  supply  is  derived  almost  entirely  from  the  waste  of  the  cliffs, 
and  the  falling  on  to  t)»e  beach  of  gravel  originally  deposited  on 
their  surface  at  the  breaking  up  of  the  glacial  period.**  There  is 
much  pebbly  gravel  in  the  cliffs  at  Weybourne,  and  still  more  in 
those  of  Sonthwold  and  Dunwich,  from  which  supplies  have  been 
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derived  for  the  shingle  beach  at  Aldborough  and  Orford.  Again, 
in  the  description  and  explanation  of  the  Chesil  Bank  we  find  that 
the  geological  problems  are  by  no  means  clearly  brought  before 
the  reader,  l^has  we  are  told  that  "  The  greater  proportion  of  the 
flints  of  which  the  bank  is  composed  denote  an  inland  rather  than 
a  sea-oliff  origin,  and  seem  to  point  to  the  time  of  the  breaking  up 
of  the  Inst  great  Ice  Age,  when  the  valleys  and  rivers  [sic]  were 
scooped  out  by  the  ice,  and  the  floods  due  to  its  melting,  and  when 
vast  quantities  of  rock  debris  and  gravel  were  carried  to  the  coast." 

Those  interested  in  the  geological  explanations  of  the  beach  will 
do  well  to  turn  to  the  original  works  on  the  subject,  and  it  would 
have  been  better  had  the  author  referred  to  Mr.  Strahan's  Geology 
of  the  Isle  of  Purbeck  and  Weymouth  (Mem.  Geol.  Survey,  1898), 
rather  than  to  his  remarks  in  a  discussion  on  a  paper  by  Dr.  Vaughan 
Cornish.  Mr.  A.  R.  Hunt  has  carried  on  many  important  researches 
on  wave  action  and  marine  deposits,  and  a  fuller  reference  to  his 
labours  might  have  been  made.  He  is  mentioned  in  the  text,  but 
not  in  the  index.  The  paper  by  Mr.  Bristow  and  Mr.  Whitaker 
on  the  Chesil  Bank  is  noted  under  the  names  of  H.  W.  Burton  and 
W.  Whitaker. 

Fuller  and  more  precise  references  to  original  sources  of  inform- 
ation on  our  coasts  and  coast  erosion  would  have  added  much  to 
the  value  of  this  work.  As  a  record  of  the  author's  personal 
observations  on  the  methods  of  protecting  our  sea-border,  and  as 
a  record  of  the  varying  characters  of  our  beach  deposits,  the  work 
will  doubtless  prove  of  considerable  value  and  interest  both  to 
engineers  and  geological  students. 


IV.  —  Geology  of  the  Akokntino-Chilian  Cobdillbras.  By 
Dr.  Carl  Burgkiiardt.  Part  II.  Profils  g^ologiques  trans- 
versaux  de  la  Cordillere  Argentino-Chilienne.  Folio.  (La 
Plata,  1900.) 

11HE  present  work  (issued  by  the  Museum  of  La  Plata,  under  the 
direction  of  Dr.  F.  P.  Moreno)  embodies  the  stratigraphic  and 
tectonic  results  of  an  expedition  made  in  1897  by  Dr.  Burckhardt 
and  Dr.  Leo  Wehrli,  the  latter  contributing  a  sketch  of  the  physical 
geography  of  the  region,  which  exhibits  many  interesting  glacial  and 
volcanic  features.* 

The  rocks  dealt  with  range  from  the  Middle  Lias  to  the  Danian, 
and  without  any  distinct  evidence  of  intermediate  erosion.  The 
Jurassic  rocks  have  long  been  known  to  form  an  important  part 
of  the  region,  and  Dr.  Burckhardt  finds  in  them,  especially  in  the 
Opalinian,  Tithonic,  and  Berriasian,  as  well  as  in  Lower  Neocomian 
divisions,  clear  evidence  of  an  Alpine  facies  in  the  fauna.  Many 
forms  in  the  Lower  Oolites  belong  to  the  littoral  zone,  and  the  facts 
in  general  do  not  favour  Neumayr^s  views  on  climatic  distribution. 

No  evidence  of  Bathonian  has  been  obtained,  ))ut  there  are  strata 
which  may  represent  this  age,  although  they  have  not  at  present 

*  A  preliminary  report  by  the  authors  was  published  in  1897. 
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yielded  fossils;  and  the  same  to  a  certain  extent  is  the  case  with 
Oxfordian  (as  limited  by  the  author)  and  Rauracian,  thoagh  we 
should  in  this  country  from  the  presence  of  Cardioeeras  Lamberti 
recognize  portions  of  our  Oxfordian.  The  strata  which  occur  below 
the  Eimeridgian  are  largely  formed  of  gypsum,  red  marls,  griU, 
and  conglomerates,  and  they  indicate  at  any  rate  somewhat  altered 
conditions. 

The  identification,  or  approximate  identification,  of  many  South 
American  fossils  with  European  species  is  comforting,  for  it  enables 
comparisons  to  be  made  much  better  than  if  distinct  'specific' names 
had  been  given ;  and  as  the  sequence  of  the  forms  is  the  same  in  the 
two  areas  we  cannot  doubt  that  approximate  correlation  is  justified. 
There  appears  to  be  a  blending  of  Eimeridgian  and  Tithonic  fomiA 
in  the  Lower  Tithonic. 

The  following  table  shows  the  grouping  and  the  leading  fossils 
noted  by  Dr.  Bnrckhardt : — 

Neocomian      \  (  Exogyi'a  Couloni,  Defr. 

and  J      ...  ...      \  Li/foeeras  ei,  Mubfimlfriatitm^  d^Orh. 

Bbrriasian     )  (  MopUtes  aff.  occitamem^  Pict. 

I  Upper  ...         Odotitoceras ptrmHiticoMtatum,  Steuer. 
Tithonic         [j^  ^^j.  [  Oppelia  pe^lavis,  Steuer. 

\      Pn'isphincUi  j)ohfploeH8^  Kein. 

OxF^DiAN      1      (Not  yet  distinguished  by  fossils.) 

C  Cardioeeras  nfP.  Lamberti^  Sow. 
Callovian }  Feltoeci'as  athltfa^  VhH. 

(  Perinphinetes  ftinatm,  ^*PP- 
Batuonian  (Not  yet  distinp^hed  by  fossils.) 

/  (Upper  zones  not  yet  dibtin^ruished.) 
^  J  Sonmnia  aff.  Soicerbf/if  Mill. 

JJAJOCIAN \  AMUsium  (Pecten)  pernonatHm,  Goldi. 

\  Harpoeeras  opaliunm^  Kein. 
J  (Upper      ...         (Upper  beds  unite<l  i^-ith  Lower  Bajocian.) 

L.IAH  ...  I  ^{j^Jjji^.  AmalthvHs  mpinatus,  Bni«,'. 

Between  the  Neocomian  and  the  Senonian  there  are  strata  which 
have  furnished  no  determinable  fossils,  but  as  the  iormations  do  not 
exhibit  discordance  the  author  thinks  the  sequence  may  he  complete. 
In  the  Senonian  Gryphaa  vesicularis.  Lam.,  and  Plicatula  aff.  muUi- 
costata,  Forbes,  are  noted ;  and  in  the  Danian,  Turritelia  Soareaaua, 
Hartt,  and  Cardita  Morganinna,  Kathb. — the  Turritelia  being  near 
to  T.  ventricosa,  Forbes,  and  T.  muUistriala,  Keuss. 

A  remarkable  fact  about  the  region  is  that  the  strata  are  com- 
paratively little  disturbed  and  plicated  ;  and  it  thus  differs  greatly 
from  Alpine  regions  in  the  absence  of  dislocated  portions  of 
formations  and  of  any  central  massif  of  ancient  rocks.  In  some 
respects  the  structure  is  more  like  that  of  the  Swiss  Jura,  from 
which,  however,  it  is  distinguished  by  the  presence  of  diorites  and  of 
extensive  neo-volcanic  rocks.  In  the  Jurassic  series,  ranging  from 
the  Lias  to  the  Tithonic,  there  are  conglomerates,  of  more  or  less 
porphyritic  character,  volcanic  breccias  and  tuffs,  which  appear  to 
replace  the  strata  at  various  horizons.  These  rocks  will  be  described 
in  detail  in  the  petrographic  portion  of  the  work. 
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The  present  volame  is  illustrated  by  thirty- two  plates  of  fossils, 
geologiotd  sections,  and  views,  including  many  effective  pictures  of 
glacial  and  volcanic  phenomena  as  well  as  of  the  stratigraphical 
features  in  the  sedimentary  rocks.  H.  B.  W. 

v. — Thk  Student's  Handbook  of  St&atiqbaphioal  Okolooy. 
By  A.  J.  Jukks-Bbownk,  B.A.,  F.G.S.,  eta  Large  crown  8vo  ; 
pp.  xii,  589,  with  1,000  Illustrations.  (London  :  E.  Stanford, 
1902.     Pnce  I2ti.  nett) 

rpHAT  there  must  be  a  fairly  constant  demand  for  textbooks  on 
X  geology  is  evident  from  the  almost  perennial  succession  of 
them,  mostly  by  more  or  less  well-known  geologists.  There  is  an 
average  sameness  about  them  all :  allowing  for  personal  idiosyn- 
crasies, their  stratigraphy  is  'correct,'  while  their  palsdontology, 
especially  as  regards  nomenclature,  is  hopelessly  out  of  date,  and 
their  illustrations  only  too  frequently  as  venerable  as  their  subject. 
Judged  on  these  lines,  this,  the  latest  oomer  of  the  long  series,  is 
a  successful  production. 

The  present  work,  the  author  tells  us  in  his  preface,  is  a  rewritten 
edition  of  his  *'  Student's  Handbook  of  Historical  Oeology,"  which 
was  issued  in  1886  as  one  of  the  celebrated  **  Bohn's  Series."  The 
ehange  of  title  in  the  present  edition  more  accurately  conveys  the 
scope  of  the  work,  which  does  not  deal,  as  the  old  designation  might 
have  led  one  to  infer,  with  the  history  of  the  science  itself. 

The  general  plan  of  the  original  book  has  been  retained,  but  the 
chapters  dealing  with  the  Palteozoic  rocks  have  been  expanded,  and 
the  sections  on  Palseogeography  abridged,  since  this  latter  subject 
has  been  more  fully  dealt  with  in  the  author's  "Building  of  the 
British  Islands." 

Some  previous  knowledge  of  geology  is  indispensable  t-o  the  student 
of  this  volume,  and  for  this  he  is  referred  to  *'  any  elementary  manual 
of  geology  "  or  *•  the  author's  IfandbooJc  of  Physical  Geology.** 

llie  nomenclature  and  classification  of  strata  adopted  by  Mr.  Jukes- 
Browne  do  not  materially  differ  from  those  employed  in  other 
modern  textbooks,  he  having  wisely  abandoned  sundry  variations 
which  he  proposed  in  1885  (Geol.  Mag.,  1885,  p.  297)  and  incor- 
porated in  the  former  edition  of  this  book.  He  does,  however, 
introduce  the  terra  *  Selbornian,'  coined  by  him  in  1900  (Geol.  Surv. 
Memoir,  "  The  Cretaceous  Rocks  of  Britain,"  vol.  i),  to  include  the 
Upper  Greensand  and  Gault;  and  for  this  term  there  is  some 
justification. 

A  glance  at  a  modern  table  of  strata  brings  to  mind,  with 
amusement,  Ramsay's  "Lament  for  the  Good  Old  Days  of  William 
Smith,"  when 

'*  Our  ancient  Enj^liuh  was  the  law 
In  geologic  volumes.*' 

We  have  advanced  far  indeed  in  the  importation  of  foreign  terms 
since  then. 

After  the  introductory  portion  comes  the  main  body  of  the  work, 
in  which  each  system  is  made  the  subject  of  a  chapter. 
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As  usual  in  treatises  of  this  class,  but  scant  courtesy  is  |>aid  to 
the  post-Plioceue  deposits,  especially  the  non-Glacial  ones.  Hiey 
generally  come  last,  and,  like  the  final  letters  in  an  encyclopedia, 
or  the  unfortunate  Invertebrata  in  many  a  so-called  Natural  History 
Book,  there  is  no  room  left  for  adequately  dealing  with  them.  Dan 
we  suggest  that  the  greater  difficulty  in  correctly  unravelling  their 
history  as  compared  with  their  more  showy  precursors  in  geologic 
time  has  also  something  to  do  with  the  case  ?  Anyhow,  the  refuttd 
to  grant  them  a  '  system '  name  to  themselves  is,  we  think,  for  mtny 
reasons  to  be  regretted. 

The  order  adopted  in  treating  of  each  system  is  to  give,  first,  the 
Nomenclature  and  Classification,  then  come  the  Life  of  the  Period, 
the  Stratigraphy,  the  Physical  deography,  and  finally  a  list  of 
References.  Where  they  lend  themselves  to  it,  these  sections  an 
appropriately,  though  we  feel  bound  to  say  not  id  ways  satisfactorilyf 
illustrated ;  while  a  full  index  concludes  a  well  got  up  volume  lo 
far  as  regards  paper  and  print  The  illustrations  are  of  very  uneqntl 
merit.  The  new  maps  and  sections  are  most  admirable,  and  so  too 
are  some  of  the  figures  of  fossils.  Far  too  many  of  these  latter, 
however,  are  from  old  and  worn-out  blocks,  like  the  figure  of 
Homalonoius  on  p.  141,  which  first  did  duty  so  many  a  long  year 
ago  that  we  scarce  like  to  compute  its  age ;  while  others,  like  the  cat 
at  the  top  of  the  same  page,  looking  like  some  post- Bank-holiday 
fragment  of  feminine  adornment,  scarcely  depict  the  objects  they 
ostensibly  represent.  We  are  thankful  to  record,  however,  that  the 
pig- tailed  Mammoth  with  his  wooden  shoes  is  conspicuous  by  his 
absence. 

On  the  whole  Mr.  Jukes-Browne  is  to  be  congratulated  on  the 
attempt  he  has  made  to  grapple  with  a  difficult  subject,  and  we 
imply  no  disrespect  to  him  if  we  say  that  it  is  only  too  manifest 
a  work  of  this  description  can  in  the  future  only  be  successfully 
brought  out  if  produced  under  the  auspices  of  a  oombination  of 
specialists. 

A  geologist  who  has  worked  all  his  life  at  stratigraphy  has  had 
no  adequate  opportunity  of  making  himself  properly  acquainted, 
for  the  purposes  even  of  a  work  of  this  sort,  with  the  advance  of 
knowledge  in  the  sister  sciences  of  zoology  and  palsBOzoologyi 
botany  and  palasobotany. 

Mr.  Jukes-Browne  will  do  well,  therefore,  when  preparing  future 
editions,  to  take  counsel  with  experts  in  these  several  sciences.  Guided 
by  them,  he  will  see  the  advisability  of  making  many  modifications, 
such  as  the  breaking  up  of  the  list  of  mammals  at  present  banded 
together  as  **  New-comers  in  the  older  Thames  Gravels,"  and  certainly 
the  removal  therefrom  of  the  Roman  introduction,  Cervus  dama.  He 
will  learn  that  more  than  one  worked  flake  has  been  found  in  the 
lower  brickearth  of  the  Thames  Valley  below  London ;  and  so  on, 
and  so  on.  He  will  further  be  assisted  in  bringing  his  nomenolatnrs 
of  the  fossil  forms  of  life  somewhere  within  the  range  of  modernity. 
Even  as  it  is  our  author  might  here,  of  himself,  have  improved 
upon  what  he  has  done.     A  little  reflection  would  have  convinced 
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bim  that  the  emended  form  '  Vivipara*  was  more  appropriate  than 
'  FtotjNirtw/  seeing  that  so  far  as  known  at  present  male  animals  do  not 
produce  young,  and  that  anyhow  Viviparus  vivipara  could  not  he  right. 
There  are  unfortunately  numerous  nomenclatnrnl  inconsistencies 
<o  puzzle  the  student,  that  should  have  heen  eliminated.  The  worst 
of  these  is  the  treatment  meted  out  to  the  quondam  genus  Ammonites. 
Ur.  Jukes-Browne  has  evidently  struggled  hard  to  cope  with  the 
<x>nrect  modern  divisions,  but  he  has  been  worsted  in  the  conflict. 
He  starts  bravely  enough  in  the  middle  of  p.  334,  where  the  modem 
(more  or  less)  generic  names  are  employed ;  but  from  the  bottom  of 
that  page,  and  for  some  way  further  on,  these  same  names  are  treated 
M  sabgeneric  and  placed  in  parentheses  after  *  Am.*  Between  p.  340 
^d  p.  350,  and  beneath  all  the  cuts  of  the  Jurassic  forms,  however, 
*AmmomU8*  alone  appears;  thenceforward  for  some  pages  the  sub- 
g^erio  method  is  again  followed.  Finally,  the  strain  becomes  too 
great,  all  three  styles  are  employed  indiscriminately,  with  the  result 
that  the  same  species  occurs  under  different  forms  of  names  at  short 
intervals,  so  that,  for  example,  we  read  of  *  Am.  {Dottvilleiceras) 
i^ammiUatuB '  on  p.  427,  of  *  Douvilleieeras  mammillatus  '  on  p.  429, 
-ftnd  of '  Am.  mammillatus '  on  p.  430.     Poor  student ! 

B.  B.  W. 


GsOLOGfOAL   SOOIRTY   OF   LoNDON. 

I.— March  26th,  1902.— Pro fesaor  Charles  Lapworth,  LL.D.,  F.R.S., 
President,  in  the  Chair.  The  following  communications  were 
read : — 

1.  "  On  ft  remarkable  Inlier  among  the  Jurassic  Rocks  of  Suther- 
land, and  its  Bearing  on  the  Origin  of  the  Breccia-Beds."  By  the 
Rev.  John  Frederick  Blake,  M.A.,  F.G.S. 

On  the  coast  of  Sutherland  due  south  of  Port  Gower  is  seen 
on  the  scars  at  low-water  a  long  rocky  crest  of  Old  Red  Sandstone, 
with  its  flaggy  beds  dipping  at  a  high  angle.  It  is  of  considerable 
height,  and  is  surrounded  by  nearly  horizontal  Jurassic  beds  con- 
taining large  blocks  of  rocks  similar  to  those  of  the  crest,  irregularly 
placed.  The  size,  outline,  and  relation  to  the  surrounding  rocks 
show  that  this  cannot  be  a  transported  block,  but  must  have  been 
part  of,  or  directly  derived  from,  a  neighbouring  coast — like  the 
modem  sea-stacks  of  the  present  coast  at  Duncansby. 

The  relations  of  the  Jurassic  rocks  to  tlie  Old  Red  Sandstone  are 
«een  in  the  Gartymore  Bum.  The  fragments  of  the  latter  contained 
in  beds  of  the  former  become  more  numerous  as  the  junction  is 
approached,  and  ultimately  form  the  whole  mass — as  would  happen 
tn  the  case  of  a  cliff-talus.  It  is  concluded  that  the  breccia-beds 
may  in  part  have  originated  on  the  spot. 

The  distribution  of  the  breccia-beds  in  the  Jurassic  Series  is  then 
<x>n8idered  in  detail.     Three  horizons  can  be  traced  in  this  series, 


2??'J      IUp0krtA  tit't  Prn^**'t^ii'jn — fjr»*^'o»jurti  Suemij  ^ 


eij.  riu»  zr«iLi»?«   \i   f/'Eriin^er^is  *ut^gr^tMm.   H-jfUitm  €mdm*mM^  aii 
FewuoitmeUM  FtilmtL    No  'cnKciMe«iii  art  fi^noii  ia  ZAe  ftzsc  of  tkctt. 
bfit  ;<ii»re  ar%  «pjm:ic  :ixe»  in  ciie  Moanii.  vidua  wiucb  cbe  nlkr 
Oixnr^.  4xiii  :ii«j  h<!o:aie  ▼err  afxmerHiii  in.  cbe  tainL     The  oniiBaij 
•■cr/ci;.:hivriCix^  :>:Mili».  inci^i.'ivr  pLiac-reouioBu  oeevr  in  tbe  mier- 
v«nin^  4ii;fcl«3i.  hr;*  rh«  bt«o3s^b«ii«  cai»uem«  ccacnin  oolr  kr;^ 
iMCftrochthonond   iomiIa.  inciadins   RiirDCCLOiMiL&*  and   eonb,a«i 
vfaer«  rb^iae  >-.eci:r  in^^rmfiiiiare  b«ti«  ar>*  r^^ixn^  competed  of  crwM 
organuRiA.     Norrh   oc    HelnaddiAle  cae   breceub-faei   has  appttifBKlj 
iqiMezed  ap  toe  ixnii<rij:n^  liuue  into  an  anddinnl  arch,  agpinrt 
MMCbfer  bow  of  01  i  B««i  s«ndatoiL«. 

Tb«  pb«tioci<&tu%  thru  'i^sGTib^Hi  are  cb«n  compnroi  with  tbott 
wkich  haTe  k>^&  actiLiilj  seea^-or  which  mar  be  iniemd  to  oecar 
in  the  case  of  (i^yAi'^  trooi  an  ue-fooc — and  tiicT  are  food  to 
eorr«apond  in  a  remaritibL^  d<;^re«.  And  is  ia  therefoie  eondaded 
that  the  bp±ccia-be<iA  are  the  proloct  of  an  Me-fooC  of 
JoraMic  age,  which  invaiied  the  normal  deponta  of  that  period. 

2.  **  On  X  I>=ep  B..rir:;A  .u  Lvme  Be^Is.**  Br  Alfred  John  Jnktt- 
Browr*e.  E.-.|..  B.A.,  F.G.:?. 

Darin;^  I'jjl  a  r^ijiing  wxs  m^iJe  ne«ir  Ljiue  Begi«  in  warch  of 
ooal,  and  wa.s  carrie«l  c.j  cLe  depch  ot  I'-^'i}  feet  withoat  reachiug 
the  ha.<9e  of  the  Upper  Tria^^ic  Marli.  The  following  abatract  thovi 
the  formationa  paired  through  : — 

Tbicknnc-.  Deptb. 

It.    ia.  tt.   in. 

>orL  an;.  *jfc_ivEL       lu       8         ...  10      S 

hLLELiA- pro*:'a-..v     6J       4         ...  '■>      0 

Rh»ti'         i^VnitrLU-    ■     22       1         ...  ^      \ 

^*"''         'GryMir!-    r,9  I  ...  172  ^ 

'  Mi.-;-,  with- 'i:  jTTram     124  7  ...  -97  4 

Mar!-,  with  *«riL-'.i  ^xpsuai  Il5>  10  ...  416  2 

.M;iri.-.  mirti  J^i»  ox  £r\p»iim     313  lU  ...  73U  0 

'i>7"!  :•  r- u-     :i.irl-.    wiih    threr  »      jj^  „  jj^  ,1 

H.-iri  •  iiv- ;in*i  n:arLf,  with  iryp*nni-     297       7         ...         1161       7 

^*if  ii -<';m»;  _'\  jrjuai  )  "*  " 

A  full  journal  of  the  boring  is  given,  and  the  beds  are  compaied 
witli  rhosfi  expOHed  along  the  cliffs  from  Lyme  to  Sidmouth.  The 
expoHiiren  of  the  Khsetic  beds  near  Lyme  are  described,  and  the 
*  tea-green  marls  *  are  include*!  in  the  Rhsetic  group,  although  no 
loHhilK  have  been  obtained  from  them  in  Devon.  Reference  is  made 
to  the  dirticulty  of  niea.suring  the  Keuper  Marls.  The  site  of  the 
>x>ring  is  in  the  valley  of  the  stream  which  enters  tlie  sea  at  Lyme, 
at  a  h\H)i  abfjut  one  mile  north-west  of  that  town  and  about  half  a  mile 
eant  of  Uplyme,  close  to  the  boundary  between  Devon  and  Dorset, 
'i'he  JMuo  Lias  in  the  borehole  belongs  to  the  zones  of  ^Miiiontt^s 
Jincklnmli,  A.  angnlatm,  and  A,  phinorbiB.  Between  the  depths  of 
4H()  and  8GI  feet  tlireo  beds  of  grey,  calcareous  sandstone  were 
traversed,  each  from  12  to  15  inches  thick,  and  separated  by  beds 
of  re<l  and  grey,  gyp^iferous  marl.     Similar  beds  oocur  near  Tannton 


Khf  J'£I: 

Maul-. 

Il2jir.;jir.. 
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Hid  North  Carry,  in  Somerset.     Some  of  the  lowest  beds  may  l>e 

cmlled  '  siltstones ' ;  they  were  originally  silty  muds.     The  author 

oonclades  that  the  boring  did  not  reach  the  beds  whioh  near  Sidmouth 

form  a  passage  from  the  Eeaper  Marls  to  the  Reaper  Sandstones, 

and  that  the  Eeaper  Marls  proved   by  the  boring  are  at  least 

1180  feet,  and  may  amount  to  1200  feet  in  thickness. 

II.— April  16th,  1902.— Professor  Charles  Lap  worth,  LL.D.,  F.Ii.S., 
President,  in  the  Chair.  The  following  communications  were 
read: — 

1.  "  The  Carlisle  Earthquakes  of  July  9th  and  11th,  1901."     By 
Charles  Davison,  ScD.,  F.G.8. 

The  shocks  were  at  least  four  in  number,  and  there  are  single 

records  of  four  other  shocks.     The  isoseismal  5  of  the  first  and 

principal  shock  is  very  nearly  a  circle  29  miles  in  diameter,  with 

Ha  centre  7  miles  south-south-west  of  Carlisle,  and  is  excentrio 

with  regard  to  the  isoseismal  4.     The  continuity  of  the  shock  over 

a  band  extending  from  Carlisle  to  Coniston  implies  a  corresponding 

tnntinnity  in  the  focus.     The  investigation  of  the  earthquakes  has 

led  to  the  recognition  of  a  deep-seated  fault,  the    average  direction 

of  which  is  N.  o^  E.  and  S.  5^  W.,  and  the  hade  throughout  is  to 

the  east.     In  the  surface-rooks  there  is  no  sign  whatever  of  such 

a  structure.     The    movements    along   the    fault  were    somewhat 

peculiar.     In  the  first  shock  the  focus  was  of  considerable  length, 

and  consisted  of  two  principal  portions,  the  centres  of  whioh  were 

about  23  miles  apart,  connected  by  a  region  wherein  the  slipping 

was  continuous  throughout,  and  much  less  in  amount.     The  northern 

part  of  the  focus  was  smaller  than  the  other,  but  was  marked  by 

a  much  stronger  impulse.     The  third  slip  was  complementary  to 

the  first,  for  it  appears  to  have  occupied  the  whole  of  the  region 

between  the  two  principal  portions  of  the  first  focus,  and  to  have 

been  greatest  near  the  centre  of  that  region  and  to  have  gradually 

diminished  towards  both  ends. 

2.  "The  Inverness  Earthquake  of  September  IMth,  1901,  and  its 
Accessory  Shocks."     By  Charles  Davison,  Sc.D.,  F.G.S. 

Since  the  Comrie  earthquake  of  liS39,  which  was  followed  by 
330  tremors  and  earth-sounds  within  little  more  than  two  years, 
no  British  earthquake  has  been  attended  by  so  many  accessory 
shocks  as  this  one.  The  unusual  intensity  of  the  earthquake,  its 
apparent  connection  with  the  great  northern  boundary  fault  of  the 
Highlands,  and  the  possibility  of  tracing  oscillations  in  successive 
centres  of  disturbance  along  the  fault  surtace,  combined  in  renderin<^ 
a  detailed  investigation  desirable.  With  a  few  exceptions,  the 
earthquakes  originated  beneath  the  district  lying  between  Invernebs 
and  the  north-eastern  end  of  Loch  Ness.  The  mean  direction  of 
the  fault,  which  follows  the  line  of  the  Great  Glen,  is  N.  35°  E.  and 
8. 35^  W.,  and  its  hade  is  to  the  south-east.  The  isoseismal  8  contains 
67  square  miles,  and  its  centre  is  about  1^  miles  east-north-east 
of  Dochgarroch  and  \  mile  south-east  of  the  fault-line.  The 
oorrespondence  between  the  position  of  the  great  boundary  fault 
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and  of  the  fault  inferred  from  the  seismio  evidence  is  so  close,  that 
tliere  can  be  little  doubt  that  the  earthquake  was  doe  to  a  slip  aloDg 
this  fault. 

The  nature  of  the  shook,  the  sound-phenomena,  time-relations, 
and  after- shocks  are  described  in  detail,  and  some  accoant  is  added 
of  the  earthquakes  of  1890  and  of  sympathetic  earthquakes  in  tba 
valley  of  the  Findhorn.  There  were  two  distinct  slips  in  rapid 
succession,  with  continuous  slight  motion  between  them,  the  second 
being  greater  in  amount  and  extending  over  an  area  which  probably 
overlapped,  even  if  it  did  not  entirely  include,  that  within  which 
the  first  took  place.  The  great  slip  reached  nearly  from  Loch  Nasi 
to  Inverness,  and  was  greatest  at  a  point  about  half-way  between. 
The  three  chief  after-slips  resulted  in  an  extension  of  this  area  in 
both  directions  along  the  fault-surface,  the  extension  to  the  north- 
east being  small,  while  that  to  the  south-west  amounted  to  6  milen 
or  more.  In  addition  to  this  migration  of  the  focus,  there  was  alio 
a  continuous  decrease  in  the  depth  of  the  focus.  The  earthquakei 
provide  no  evidence  with  regard  to  the  direction  of  displacement 
along  the  boundary  fault.  There  can  be  little  doubt,  however,  that 
Loch  Ness  is  still  growing;  but  it  can  hardly  be  determined 
whether  the  lake  is  now  contracting  in  area,  or  whether  it  is 
gradually  pushing  its  way  outward  to  the  sea. 

3.  "The  Wood's  Point  Dyke,  Victoria  (Australia)."  By  Frederic 
Philip  Mennell,  Esq.,  F.G.S. 

This  dyke  is  intrusive  into  a  belt  of  Silurian  (Upper  Silurian) 
strata   which  strike  in  a  direction  somewhat  west  of  north,  and 
extend   beyond  Walhalla  on  the  south.      Wood's   Point   is  about 
75  miles  east  of  Melbourne.      It  may  be  taken  as  typical  of  the 
intrusions  associated  with  the  Silurian  rocks  of  the  Victorian  gold- 
fields.      Brown,  original    hornblende  is  the   dominant  constituent, 
but   it   is   rarely   idiomorphic ;    augite,  three   varieties   of  felspar, 
micropegmatite,  and  ilnienite  are  also  present  in  a  inicrocrystalline 
or  cryptocrystalline  groundmass.     The  rock  is  called  a  hornblende- 
porphyrite.     In  certain  varieties  cordierite  occurs,  and  is  accounted 
for  by  derivation  from  the  adjacent  shales.     The  reefs  in  the  Silurian 
and  Ordovician   rocks  usually  occur  at  or  near  the  contact  with 
intrusive  rocks.     At  Wood's  Point  the  reefs  are  nearly  horizontal, 
traversing   dykes   and   shales,   the  junction   usually   marking  the 
occurrence  of  rich  ore.     The  author  notes  the  **  almost  invariable 
association  of  gold  in  this  class  of  deposit  with  rocks  containing 
original  hornblende." 


C0I^:E^Bs:F»025^ZDEl25^0£3. 

THE  CRYSTALLINE  LIMESTONES  OF  CEYLON. 
Sir, — As  one  of  the  unfortunates  who  are  unable  to  attend  the 
meetings  of  the  Geological  Society,  I  crave  permission  to  make 
a  comment  on  the  interesting  paper  on  **The  Crystalline  Limestones 
of  Ceylon  "  read  on  the  1 2th  March  by  Mr.  Ananda  K.  Coomara-Swamy. 
The  author  and  all  his  critics  profess  themselves  more  or  less  puzzled 


Correspondence — A.  R,  Hunt.  285 

by  the  phenomena  described.  No  mention  is  made  of  a  theory  which 
woald,  I  think,  remove  the  chief  difficulties  mentioned.  I  suggest 
that  the  true  explanation  is  deformation  plus  chemical  segregation. 
The  author  rejects  deformation  (1)  because  the  minerals  are  not 
deformed.  But  this  is  not  to  be  expected  in  a  rock  which  has 
undergone  advanced  metamorphism.  The  author  assumes  that  the 
minerals  are  original,  whereas  the  rock  may  have  been  transformed^ 
as  in  the  Malvern  Hills,  where  some  of  the  gneisses  are  entirely 
composed  of  secondary  minerals,  and  show  no  trace  of  the  deforma- 
tion which  was  evident  enough  in  an  earlier  stage  of  the  meta- 
morphism. The  author  objects  (2)  that  the  minerals  whos& 
distribution  are  the  chief  cause  of  the  foliation  are  not  *^  such  as- 
to  have  been  produced  "  by  earth-movements.  I  cannot  see  why. 
Daring  the  reconstruction  of  the  rock  the  segregation  of  th& 
carbonates  of  lime  and  magnesia  may  well  have  been  accompanied 
by  the  crystallizing  out  of  the  accessory  lime  and  magnesia  silicates.. 
The  hypothesis  I  have  suggested  accounts  for  three  facts  which 
appear  to  have  caused  considerable  perplexity,  viz. :  (1)  the  isolated 
masses  of  granulite,  (2)  the  lenticular  form  of  some  of  the  granulite 
masses  (one  would  like  to  know  if  any  of  the  limestones  are 
lenticular),  and  (3)  the  subordination  of  the  limestone  to  tlie  silicate 
rocks.  The  theory  of  the  origin  of  limestones  by  segregation  from 
plutonic  rocks  during  deformation,  as  in  the  case  of  the  crystalline 
limestones  of  Bodwrog  and  Forth  Trecastell  in  Anglesey  (Report 
Brit  Assoc,  1887,  p.  706),  has  not  yet,  I  think,  received  the 
consideration  it  deserves.  C.  Callaway. 

Cheltenham. 

OX  THE  OCCURRENCE  OF  SCALARIA  COMMUXIS  IN  THE  RAISED 
BEACH  ON  THE  THATCHER  ROCK,  AND  OF  PECTEX  MAXIMUS 
AND   VEXERUriS,  sp.,  AT  HOPE'S  NOSE. 

Sir, — In  the  year  1888  I  published  in  the  Transactions  of  the 
Devon  Assoc,  a  list  of  shells  found  in  the  liaised  Beach  on  the 
Thatcher  Hock  in  Torbay. 

In  due  course  I  sent  a  reprint  to  my  friend  and  colleague  the 
late  Mr.  D.  Pidgeon,  F.G.S.,  wliioh  Mr.  Pidgeon  took  the  practical 
and  ingenious  course  of  returning  to  me  crowded  with  copious 
comments  and  criticisms.  As  Mr.  Pidgeon  took  the  extreme  line 
of  denying  the  genuineness  of  the  Kaised  Beaches,  and  1  did  not 
feel  disposed  to  seriously  entertain  this  objection,  I  laid  my  friend*^ 
notes  on  one  side  and  forgot  all  about  them. 

Last  Easter,  in  looking  for  a  copy  of  my  paper  for  a  friend  joining 
the  excursion  of  the  Geologists  Association  to  the  Gower  Caves, 
I  found  Mr.  Pidgeon's  returned  copy.  In  it  1  discovered  a  rather 
important  fact,  viz.,  an  additional  shell  to  what  I  believe  is  already 
the  record  list  for  any  one  Kaised  Beach,  viz.,  Scalaria  communis, 
Mr.  Pidgeon  also  added  his  initials  to  Aporrhais  pes-pelecanij 
a  species  before  certified  by  Mr.  J.  T.  Marshall.  Scalaria  com- 
munis makes  the  grand  total  of  species  from  the  Thatcher  beach  44, 
a  total  which  made  Mr.  Pidgeon  remonstrate,  '*  there  are  a  great 
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many  too  many  shells,  both  species  and  individuals,  for  a  beaob/ 
A  curious  puzzle,  but  a  beach  it  nevertheless  is. 

The  late  Sir  Joseph  Prestwich  embodied  my  Thatcher  oollection 
ill  his  table  of  the  ''Mollusca  of  the  Raised  Beaches"  (Q.J.G.S., 
vol.  xlviii,  p.  300). 

Anyone  interested  in  the  investigation  may  be  pleased  to  add 
three  species  to  Sir  J.  Prestwich's  total  of  64/  viz.,  Sealaria 
communis,  from  the  Thatcher,  on  the  authority  of  Mr.  D.  Pidgeon, 
and  Pecten  maximus  and  Venerupis,  sp.,  from  the  Hope's  Nose  beach, 
on  the  authority  of  the  lat«  Mr.  Godwin- Austen.'  Mr.  Godwin- 
Austen  described  the  Venerupis  as  deeussata,  but  as  that  is  not 
a  British  shell  it  was  probably  V.  irus. 

I  hope  to  publish  Mr.  Pidgeon's  criticisms  and  to  discuss  them  in 
the  transactions  of  a  provincial  society.  He  was  one  of  the  acntest 
of  observers,  and  his  detection  of  the  perfect  preservation  of  the 
sculpture  of  the  Raised  Beach  shells  was  one  of  the  most  important 
observations  ever  recorded  on  the  subject,  and  one  by  no  means  easy 
to  explain.  A.  R.  Huiir. 

ToKQUAY,  Mnf/  8,  1902. 


SUB-OCEANIC   RIVER  VALLEYS. 

Sir, — To  those  who  have  given  some  attention  to  the  above 
subject  the  following  statement  may  prove  interesting. 

In  the  recent  work,  "The  Scenery  of  England,"  by  Lord  Avebury, 
F.R.S.,  I  bad  the  gratification  on  turning  over  its  pages  to  find 
sympathetic  reference  to  my  investigations  into  the  phenomena 
presented  by  the  submerged  river  valleys  of  the  British  Islands  and 
Western  Europe,  but  coupled  with  a  caution  **  that  perhaps  I  had 
carried  the  argument  further  than  the  facts  entirely  warranted." 

In  thanking  Lord  Avebury  for  his  kindness  in  presenting  me 
with  a  copy  of  his  book,  I  referred  to  this  caution,  which  I  regarded 
as  quite  natural,  and  added  that  it  would  give  me  much  pleasure  to 
afford  his  Lordship  an  opportunity  of  examining  the  Admiralty 
Charts  themselves,  in  order  that  ho  might  judge  for  himself  whether 
I  was  justified  in  my  conclusions  as  to  the  position  and  depth  below 
the  surface  of  the  ocean  to  which  these  "  drowned  river  valleys " 
descend. 

Accordingly  a  day  was  kindly  arranged  for  the  examination  of 
the  Charts,  which  Lord  Avebury  examined  with  the  greatest  and 
most  intelligent  care,  and  at  the  end  he  expressed  his  gratification 
at  the  result. 

His  Lordship  is  now,  I  understand,  preparing  a  new  edition  of 
"  The  Scenery  of  England,"  and  a  few  days  since  I  had  the  pleasure 
of  receiving  from  him  a  letter  in  which  he  says :  "After  looking  at 
your  maps  I  am  omitting  the  sentence  in  p.  106  in  which  I  express 
a  cautious  doubt"  in  regard  to  your  conclusions.  This  candid 
acceptance  of  niy  views  may,  perhaps,  have  some  weight  with  those 
geologists  who   liave  opposed  my  views,  but  who  have  not  taken 

'  Q.J.G.S.,  vol.  \lviii.  ]),  301.  Prestwich  writ<}s  64  species,  hut  the  list  shows  only  63. 
-  Tran^.  Gcol.  Soc,  vol.  vi,  p.  442. 
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"the  only  oourse  by  which  they  can  be  properly  tested ;  that  is 
'to  say,  by  tracing  for  themselves  the  isobathio  oontonrs  on  the 
Admiralty  Charts  by  means  of  the  soundings. 

Before  concluding  I  wish  to  call  attention  to  a  remarkable 
corroboration  of  these  views  which  has  recently  appeared  from 
another  quarter.  In  his  elaborate  work  on  the  Glacial  Geology  of 
the  Christiania  Region  of  Norway,  in  which  the  variations  of  level 
at  successive  epochs  are  elaborated,  Professor  Brogger  ^  says  : 
"  the  occurrence  at  great  depths  of  the  Norwegian  Sea  of  the  high- 
arctic  fossil  shallow-water  MoUusca  of  the  'Yoldia  fauna'  is 
explained  by  the  hypothesis,  that  the  sea-bottom  during  the  time  of 
the  greatest  ice-sheet  of  Europe  must  have  been  uplifted  at  least 
2,600  metres  higher  than  it  is  at  the  present."  It  is  remarkable 
that  this  amount  of  uprise  corresponds  very  closely  with  that 
determined  by  myself;  namely,  1,200  fathoms  (7,200  feet)  as  the 
elevation  of  Western  Europe  during  the  intensest  cold  of  the  Glacial 
period.  The  maximum  elevation  was  coincident  with  the  stage  of 
maximum  cold  of  that  long  period  ;  they  were,  in  fact,  cause  and 
effect  We  require  no  other  explanation  for  the  cause  of  the  intense 
cold,  and  the  subsequent  changes  of  climate,  than  the  oscillations  of 
level  of  land.  Eowabd  Hull. 


THE  UPPERMOST  CHALK  OF  THE  BALTIC. 

Sib, — In  his  valuable  communication  *'  On  some  Crustacea  .  .  . 
from  the  Upper  Cretaceous  of  Faxe"  (Geol.  Mag.,  Nov.  1901, 
p.  487)  Dr.  Henry  Woodward  has  copied  from  Dr.  K.  O.  Segerberg's 
paper  **De  Anoinuraoch  Brachyura  Dekapoderna  inom  Skandinaviens 
Yngre  Krita "  (Geol.  Fiiren.  Stockholm  Forhaudl.,  xxii)  certain 
statements  concerning  th«  geology  of  the  Baltic  Uppermost  Chalk 
(Yngre  Kritan).  Since  these  might  mislead  Euglish  readers,  I  ask 
leave  to  correct  them. 

Since  •  Faxekalk '  is  identical  with  *  Corallkalk,'  it  is  incorrect 
to  say  that  *•  The  lower  layer  of  the  Faxe  Chalk  is  ...  .  largely 
composed  of  corals,  hence  called  coral-chalk."  Even  if  the  term 
*  Faxekalk '  be  applied  to  the  whole  of  the  Uppermost  Chalk,  the 
expression  is  misleading,  since  the  bottom  bed  of  the  Uppermost 
Chalk  does  not  consist  of  the  Coral  Han  Limestone  (Faxekalk  sens, 
sir,),  but  this  latter  itself  rests  on  a  bed  of  coccolith-limestone 
(Saltholmskalk). 

The  hardness  of  the  coccolith-limestone  depends  on  a  secondary 
cementing  through  calcite-crystals  or  flinty  matter,  a  process  in  no 
way  restricted  to  any  definite  horizon  ;  looser  varieties  of  this 
limestone  are  found  just  as  much  in  its  lower  levels  as  '*  in  the 
upper  layer." 

The  coccolith-limestone  forms  the  main  facies ;  here  and  there 
on  the  coccolith-ooze  there  sprang  up  coral  banks  or  groves  of 
bryozoa ;  but  the  shower  of  coccoliths  proceeded  unchecked,  so  that 

*  "  Om  de   Senglaciale    oj^   Pc^tjrlacialo    Xivaforandringer  i   Kristianiafeltet," 
pp.  682-3. 
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on  and  around  the  coral  or  bryozoan  masses  was  deposited  a  oocoolitli 
ooze  of  tho  same  oonstitution  as  that  lyin|^  under  them.  Tl^ 
formation  of  corallian  or  bryozoan  limestone  was  not  connected  witl 
any  particular  period,  so  that  these  rocks  may  occur  at  any  horizoi 
in  the  coocolith-limestone,  the  corals  in  island-like  reefs  but  Ub.< 
bryozoa  in  extended  sheets. 

The  Uppermost  Chalk  of  the  Baltic  contains  neither  BdenmtMc 

mucronata,  as  stated  by  Prestwich  (Greology,  1888,  ii,  pp.  7  and  302), 

nor  any  other  belemnite.     It  was  formed  in  the  period  between  the 

Upper  Maestrichtian  and  the  Eocene,  and  has  no  marine  equivalents 

in  Western  Europe.^  Andkrb  Hkknio. 

Lund,  Mat/  8,  1902. 


JOSEPH    NOLAN. 

BoBN  1841.  Died  April  20,  1902. 

Thb  late  Mr.  Joseph  Nolan,  who  died  at  Clonturf,  Dublin,  on  the 
20th  April,  was  born  in  Queen's  County,  Ireland,  in  1841.  In  early 
life  he  attained  a  sound  knowledge  of  geology  from  attendance  at 
Jukes*8  lectures  in  the  Museum  of  Irish  Industry  (now  Koyal 
College  of  Science),  Dublin. 

In  1867  he  was  nominated  by  Professor  Jukes  (then  Director  of 
the  Irish  Geological  Survey)  for  appointment  as  one  of  the  Assistant 
Geologists,  and  in  this  capacity  surveyed  with  great  keenness  many 
important  districts  in  Ireland.  Prominent  amongst  these  wen 
the  cou) plicated  areas  of  South  Mayo  and  the  volcanic  region  oi 
Carlingford  and  Slieve  Gull  ion,  of  which  latter  the  late  Sir  Andre?i 
Eamsay  wrote  (in  his  preface  to  Mr.  Nolan's  memoir  on  Sheet  7( 
of  the  one-inch  geological  map  of  Ireland):  ''There  is  as  mud 
interesting  matter  for  discovery  and  description  crowded  into  a  smal 
area  as  there  is  to  be  found  in  any  part  of  the  British  Isles."  Th 
geological  features  of  the  wild  mountainous  tract  which  extend 
through  North  Tyrone  into  the  Dungiven  region  in  Co.  Derry,  o 
the  country  surrounding  Derry  City,  and  portions  of  Donegal,  wer 
ably  dealt  with  by  Mr.  Nolan  ;  his  work  in  the  field  beinj 
explained  in  numerous  descriptive  memoirs  which  he  wrote  t 
accompany  the  maps. 

Mr.  Nolan,  who  was  for  some  thirty  years  a  member  of  th 
Hoyal  Irish  Academy,  took  deep  interest  in  the  literature,  lore,  an 
antiquities  of  his  native  country,  and  his  work  on  the  *'  History  an 
Antiquities  of  Glendalough"  is  well-known  in  antiquarian  circles. 

Upon  the  reorganization  of  the  Irish  Geological  Survey  in  189( 
Mr.  Nolan  was  appointed  "  Senior  Geologist  "  to  take  charge  of  tb 
office,  a  post  from  which  he  retired  only  within  the  pctat  yea 
His  kind  and  gentle  presence  will  long  be  greatly  missed  by  h 
colleagues  on  the  Survey,  and  by  all  others  who  enjoyed  tl 
pleasure  of  his  friendship.  K.  C. 

^  See  Heniiig,  "  Studier  iifver  den  Baltiska  Yut^re  Kritans  bildniugshistoria  * 
Geol.  Foren.  Stockholm  Forhiindl.,  1899,  xxi,  pp.  19  and  133. 
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I— Additional  Note  on  Diievasaspis  OEmr'xDEXExsis,  Souluter. 

By  Dr.  R.  H.  Traquaie,  F.R.S.,  F.G.S. 

IN  my  "Notes  on  Drepanaapis  Qemiindenensis,  Scbluter/'  published 
in  the  Geological  Magazine  for  April,  1900  (pp.  153-159), 
I  described  a  paired  plate  of  a  trapezoidal  form  occupying  a  position 
on  each  margin  of  the  under  surface  of  the  head,  a  little  behind  the 
mouth,  and  to  which  I  gave  the  name  *  sensory '  plate,  as  it  is 
perforated  by  an  opening  which,  if  not  orbital,  evidently  marks 
the  place  of  an  organ  of  sense  of  some  sort.  With  this  opening 
I  also  identified  a  depression  seen  in  some  specimens  in  a  similar 
position  on  the  dorsal  aspect,  and  came  to  the  conclusion  that  its 
position  was  marginal^  being  seen  in  some  specimens  on  the  ventral 
and  in  others  on  the  dorsal  surface  of  the  head.  I  was  also  much 
puzzled  to  find  that  in  some  specimens  this  pit  or  depression  seemed 
to  have  &  floor ^  covered  with  tubercles  like  those  of  the  rest  of  the 
surface,  a  condition  which  apparently  militated  very  decisively 
against  the  idea  of  its  being  an  orbit. 

Increase  of  material  has  enabled  me  to  clear  up  this  point  at  last. 
and  to  rectify  my  restored  figures  accordingly. 

I  found,  namely,  that  when  the  appearance  in  question  is  seen 
on  the  ventral  aspect  (a;.  Fig.  2),  it  is,  in  all  cases,  an  actual 
perforation,  but  when  seen  on  the  dorsal  it  is  a  mere  depression 
surrounded  by  a  slightly  elevated  margin  and  provided  with  an 
imperforate  tuberculated  floor.  Isolated  specimens  of  the  sensory 
plate  show  also  that  it  was  not  reflected  round  the  lateral  margin 
of  the  head  (it  is  not  so  at  least  in  the  fossils),  and  when  I  obtained 
a  view  of  the  plate  from  its  internal  surface,  the  perforation  was 
found  to  be  surrounded  by  a  thickened  ring-like  margin.     Here, 
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then,  is  an  explanation  of  the  imperforete  pit  Been  on  the  doml 
BDrfaoe.  For  it  is  now  qnite  olear  that  this  appearanoa  is  osomJ 
by  one  of  the  dorsal  plates  being  tqvMzed  down  upon  the  aforemid 
thickened  ring-like  margin  of  the  roand  opening  in  the  seaMi;  I 
plate,  which  aoooidinglj  »kowt  through,  although  the  opening  it«lf 
is  on  the  ventral  surface,  as  shown  io  Fig.  2,  x. 


Fia.  1. — Drepaaatpii  Gfmiindiwniit,  Scbl.  Healored  oatlioe  iif  the  doraal  aspect, 
the  surface  ornaiaent  omitted,  mid  the  toil  twiet«d  round  bo  as  to  ahow  tbe 
caudal  fin  iu  pnililo.  m.rf.  median  dorsal  plate  ;  p.l,  postero-latenJ  plates; 
r.  roalTiil  plates. 

Consequently  the  object  x  is  an  actual  opeoing  whioh  perfaratss 
a  special  plate  (sensory)  belonging  to  the  ventral  aspect  of  the 
head,  and  the  appearance  of  a  pit  on  the  dorsal  aspect  is  due  to 
preseare  dnring  fossil  ization,  and  should  be  deleted  from  the 
restoration,  as  I  hare  done  in  Fig.  1. 

That  this  opening,  which,  though  perforating  a  plate  belongii^ 
to  the  ventral  aurface,  lies  jnet  within  the  lateral  margin  of  the  head. 
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QOrrespondB  to  the  Bupposed  orbit  of  PtercupU,  does  not,  I  think, 
^mit  of  any  Toasonable  doubt. 


-  latoral  platen  ;  ta.s,  medtBD 
reutra] :  p.r.l.  pogUrior  ventru -Intern] ;  pJ.  postero-lnteral  or  curnual  platea. 
Mouth  nnd  aupponed  cloacal  opening  mdicnt«l  in  binck. 


II. — Preliminaby  Notk  on  some  Bboently  Discovbred  Extisot 

Vertebkates  from  Egypt,     (Part  IIL) 

By  Cha8.  W.  Aschbws,  D.Sc,  F.G.S,,  British  Museum  (Nut.  Hist.). 

MOBE  detailed  esamination  of  tbematerial  collected  by  Mr.Beadaell 
and  myself  in  the  Faydm  iu  1901  bus  led  to  the  recognition 
of  two  additional  species  of  Marilkerium,  and  has  made  it  olear  that 
the  Sirenian  belongs  to  a  distinct  genus,  which  presents  some 
ohamctera  of  moch  interest  and  is  nearly  related  to  Proloiherimn 
(BalilAeriam)  veroneaie,  described  by  Zigno  from  remains  found  in 
beds  of  Upper  Eocene  age  at  Monte  Zuello  in  Northern  Italy. 
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It  is  desirable  to  give  brief  preliminary  notes  on  these  species, 
the  full  description  of  them  being  reserved  for  the  monograph  (m 
the  whole  collection  which  is  being  prepared. 

M(EBITHERIUM   ORAGILB,  Sp.n. 

This  species  is  a  smaller  and  rather  more  lightly  built  form  than 
M,  Lyonai,  The  skull  is  more  elongated  in  proportion  to  its  width, 
the  palate  is  narrower,  and  the  squamosal  region  of  the  side  of  the 
skull  is  swollen  so  as  to  form  a  slight  rounded  protuberance,  owing 
apparently  to  the  great  development  of  the  diploe  in  the  squamosal 
and  its  consequent  thickening.  The  occipital  surface  also  presents 
some  dififerences  from  that  of  M,  Lyonsif  particularly  in  the  com- 
parative narrowness  of  the  escutcheon-shaped  plate  formed  by  the 
supra-occipital  and  in  the  smaller  extent  of  the  periotic  that  is 
exposed. 

The  teeth  present  the  most  easily  recognized  peculiarities.  The 
cheek-teeth  are  much  smaller  than  in  M,  Lyonsi.  They  are  arranged 
in  perfectly  straight  lines,  the  right  and  left  series  being  almost 
parallel  with  one  another ;  the  palate  is  very  narrow. 

The  chief  points  in  which  the  tooth  structure  is  distinguished 
from  that  seen  in  M.  Lyonsi  are  : — 

(1)  In  p.m.  2  and  p.m.  3  the  shelf-like  surface  on  the  postero- 
internal border  is  wanting,  and  in  p.m.  3  at  least  there  seems  to 
have  been  a  distinct  postero-internal  cusp  in  its  place,  but  none  of 
the  specimens  are  very  well  preserved. 

(2)  The  cingulum  is  much  more  strongly  developed  than  in 
M,  Zyonsiy  and  the  enamel  is  marked  by  a  peculiar  sculpture  con- 
sisting of  fine  irregular  vertical  fluting.  The  form  and  arrangement 
of  the  incisors  and  canines  are  as  in  J/.  Lyonsi. 

The  dimensions  of  the  upper  teeth  are : — 


Len«^h. 

Widtli. 

p.m.  2 

•  •  •                  •  •  • 

22  mm. 

l?<mm 

• 

]).in.  'A 
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20   „ 
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•  •  •                  ■  ■  • 

20   „ 

*>1 
—  1    •* 

m.  1 

•  •  •                  •  •  • 

23   „ 

2-i   ., 

m.  2 

•  •  •                  •  •  ■ 

21    „ 

25   „ 

(approx.: 

m.  '4 

•  •  •                  •  •  • 

2S   ,. 

*^4 
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!>• 
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'»         >» 

P- 
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■                  •  •  •                  •  •  • 

«  ■  ■ 

•  •  » 

62   .. 

'  •         « • 

m 

.  surii'>     .. 

•  •  •                  •  •  • 

•  «  • 

•  •  • 

7«>   ». 

In  J/.  Lyonsi  the  length  of  the  p.m.  and  m.  series  is  approximately 
160  mm.  and  of  the  p.m.  series  is  74 ;  and  in  the  width  ot"  the  teeth 
the  difference  between  it  and  M.  grncile  is  still  greater :  thus  in 
M,  Lyonsi  the  width  of  p.m.  3  is  27  mm.  and  m.  2  27,  while  in  the 
present  species  the  same  teeth  measure  20  and  24  respectively. 

MfERITHERIUM,  Sp. 

The  otiier  species  is  known  only  by  a  nearly  complete  vertebral 
column,  differing  from  that  of  M.  Lyonsi  both  in  its  larger  size  and 
in  many  small  structural  points.  In  the  absence  of  any  well- 
preserved  remains  of  the  skull  and  teeth  of  this  form  it  seems 
advisable  for  the  present  to  refrain  from  giving  it  a  name  until 
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farther  material  is  available.  The  oocurrenoe  of  these  three  species 
of  Mariiherium  in  a  siuall  area  seems  to  point  to  the  conclusion  that 
these  animals  were  a  dominant  type  of  the  fauna  of  the  region,  and 
possibly  it  will  be  found  that  they  form  a  group  divisible  into 
several  genera. 

EosiBEN  LiBYOA,  geu.  et  sp.  nov.     (Figs.  1-3.) 

Two  species  of  Sirenians  have  already  been  discovered  in  the 
Eocene  beds  of  Egypt,  both  being  from  the  white  Mokattam 
Limestone  of  Cairo.  Of  these  one  was  described  by  Owen  under 
the  name  Eotherium  agypttaeumf^  on  the  evidence  of  a  natural 
cast  of  the  cranial  cavity ;  the  other  was  described  by  Filhol  from 
three  lower  molars,  and  was  named  Manatua  Cotdombi,^  Since  both 
these  species,  if  indeed  they  are  distinct,  occur  on  nearly  the  same 
horizon  as  the  specimens  from  the  Faytlm,  it  will  be  necessary  to 
ooDsider  whether  the  latter  may  not  be  identical  with  one  or  both 
of  them. 

According  to  Filhol  the  lower  molars,  which  he  made  the  types  of 
Manatus  Coulombi,  differ  only  in  small  details  from  those  of  Manatua 
ouitralis,  and  he  did  not  think  that  they  could  belong  to  Eotherium 
agypiiacum,  because  the  brain  of  that  species  indicates  a  much  more 
primitive  type  of  Sirenian  than  the  living  genus.  In  any  case, 
ivhether  he  was  right  in  referring  his  species  to  Manatus  or  not,  the 
dentition  of  the  Faytlm  species  is  widely  different  from  that  of  the 
Manatees,  and  therefore  it  must  be  assumed  to  be  distinct  from 
If.  Coulomhi, 

In  the  case  of  Eotherium  agyptiacumf  as  already  mentioned,  the 
type  is  the  cast  of  the  brain-case,  and  fortunately  it  has  been  possible 
to  make  a  similar  cast  from  one  of  our  specimens,  so  that  the  two 
forms  are  directly  comparable.  Dr.  Elliot  Smith  ^  has  examined 
;hese  casts,  and  he  has  come  to  the  conclusion  that  tlie  two  forms 
ire  distinct. 

It  thus  appears  that  our  species  is  distinct  from  those  previously 
lescribed  from  Egypt,  and  its  relations  must  be  sought  elsewhere. 
?^rom  the  Eocene  of  Italy  Zigno  has  described  several  Sirenians,  the 
)est  known  being  first  named  ITalitherium  veronense,*  but  afterwards 
eferred  by  the  same  writer  to  a  new  genus,  Frototherium,^  which, 
lowever,  he  never  fully  defined,  merely  stating  that  it  included 
ik)cene  Sirenians  in  which  the  mandible  bears  a  prominent  posterior 
furangular)  process.     In  many  respects,  e.g.,  in  tlie  general  form 

*  Oweu  :  Quart.  Juurn.  Geol.  Soc,  vol.  xxxi  (l87o),  p.  100.  Tlic  j^uneric  name 
htherium  had  been  pre\*iously  employed  by  Loidy  iu  1853  for  a  j^euus  of  Perisso- 
art}-la,  and  therefore,  strictly,  the  naint'  £othcroicUs  sujii^ested  bv  Palmer  {Science, 
•.s.J  vol.  X,  1899,  p.  494)  should  be  employed  for  this  Sirenian,  "but  in  the  present 
awr  1  prefer  to  continue  to  use  the  name  by  which  it  is  best  known. 

^  Bull.  Soc.  Philomathique  de  Paris,  t-er.  vii,  vol.  ii  (1878),  pp.  124-5. 
'  Dr.  Elliot  Smith's  descriptiims  of  these  and  other  bram-casts  from  the  Fayiim 
rill  be  published  in  the  proposed  mouo<rraph  on  that  distnct. 

*  Zi^o,  *•  Sirenii  fossili  trovati  nel  Veneto "  :  Mem.  Inst.  Vcneto  d.  Sci., 
ol.  iviii  (1875),  p.  445. 

*  Zigno,  **  Quelques  Observations  siir  les  Sirenians  fossiles  "  :  Bull.  Soc.  g^l. 
'ranee,  vol.  xv  (1887),  p.  731. 
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of  the  sknll,  particularly  of  ths  roBtrnm,  Protoiherivm  veroi»a»M  Mami 
to  be  oloeelf  simUar  to  the  FajrQm  form,  but  siuoe  it  ia  very  donbtfbl 
on  the  one  ham!)  whether  it  possessed  oaninea  and  porterior  inoiMi^ 
and  on  the  other,  whether  the  process  on  the  mandiblfl  wbidi 
eharaoterizeB  it,  ii  present  in  the  Egyptian  form,  it  is  best  to  eataUiih 
a  new  gsnns  for  the  reception  of  the  latter. 


Skull  noil  mnndihlc  nl  Eiaircii  liiyai.     One-third  Datujul  mizc. 

Figs.  1  Bud  3.— Skull.        Fift.  3.— Mandibie. 

y/.  paLitinc  (omineQ  :  i',  Hrst  inciwir  ;  i',  i',  sfcimd  nud  third  intisors  ;  r,  r-jTiin.  . 

p.ia,'  Xaat  premnlar  :  »i',  nt',  tirstaod  tourtli  molnn. 

The  name  Eosiren  may  be  adopted  for  this  genus,  which  will 
include  Eocene  Sirenianii  in  the  upper  jaw  of  which  the  anterior 
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inoisoTB  (t^)  are  modified  to  form  a  pair  of  downwardly  directed 
tOBkB,  and  there  are  also  one  or  two  pairs  of  small  laterally  placed 
inoiBors  (t*,  t')  near  the  premaxillo-maxillary  suture.  Canines  (0) 
were  present;  both  these  and  the  posterior  incisors  were  probably 
shed  early  in  life.  The  upper  cheek-teeth  are  eight  in  number,  con- 
sisting of  four  single-rooted  teeth  (premolars)  and  four  double-rooted 
molars,  the  crowns  of  which  are  bilophodont,  each  ridge  being 
distinctly  composed  of  two  tubercles.     (Figs.  1,  2.) 

The  downwardly  deflected  symphyseal  region  of  the  mandible 
is  greatly  thickened  and  very  massive ;  it  bears  the  alveoli  of  four 
pairs  of  teeth,  apparently  the  incisors  and  canines.  The  anterior 
pair  of  these  alveoli  is  comparatively  shallow,  and  in  all  probability 
the  teeth  were  lost  early,  this  region  being  covered  by  a  homy 
sheath.  There  were  probably  three  single-rooted  and  five  double- 
rooted  cheek-teeth;  but  this  is  uncertain  owing  to  the  want  of 
well-preserved  specimens.  There  are  indications  that  a  replacement 
of  the  molars  from  behind  was  already  established  in  this  early  form, 
at  least  in  the  mandible.     (Fig.  3.) 

The  vertebral  column  is  much  like  that  of  Halithsrium,  and  the 

scapula  is  characteristically  Sirenian  in  form,  having  a  backwardly 

curved,  sickle-shaped  blade.     The  rudimentary  os  innominatum  is 

similar  to  that  of  Balitherium  Schinzi,  but  the  acetabulum  is  more 

strongly  defined.     The  species  from  the  Fayilm  may  be   called 

Eosiren  libyea.     The  dimensions  of  the  type  skull  are  : — 

mm. 

Extreme  length  in  ntraight  line      290 

Width  at  occipital  condyles            To 

Width  of  foramen  magnum            34 

Height  of  foramen  magnum           22 

Width  between  supra-orbital  processes     87 

Width  of  cranial  roof  between  the  temporal  fossa)           ...  47 

Width  of  snout  in  front  of  external  nares 45 

Length  of  dental  series  from  canine  to  last  molar 114 

Length  of  molar  series        60 

length  of  external  narial  opening 64 

Width  of  external  narial  opening 30 

The  mandible  figured  was  not  associated  with  the  skull,  but  was 
found  on  the  same  horizon  and  in  the  same  locality. 

It  is  interesting  to  note  that  the  alveoli  for  the  posterior  incisors 
and  the  canines  are  not  borne  on  the  alveolar  border  of  the  upper 
jaw,  but  seem  to  have  been  tlirust  somewhat  outwards  on  to  the 
faoial  surface,  probably  through  the  development  of  the  homy  plate 
which  formed  the  actual  biting  surface  of  the  anterior  portion  of 
the  jaw.  It  is  remarkable  that,  except  in  the  presence  of  posterior 
incisors  and  canines,  this  early  (Middle  Eocene)  Sirenian  is  scarcely 
at  all  more  generalized  than  the  later  Halitherium,  and  it  appears 
that  the  Sirenia  must  have  branched  off  from  their  parent  stock 
at  an  extremely  early  period.  In  some  respects,  particularly  in  the 
structure  of  the  teeth  and  of  the  humerus,  there  is  a  certain  similarity 
vnth  Mceritherium,  and  it  seems  not  improbable,  therefore,  that  the 
relationship  between  the  Sirenia  and  the  Proboscidea  suggested  by 
Blainville  and  others  may  have  a  real  existence. 
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III. — Geological  Age  of  the  Ogasawaba  Group  (Bonim  Islands) 

AS   INDICATED   BT  THE  OOOTJRBENOE   OF  NUMMULITES. 
By  S.  YosHiWAiLA,  Science  College,  Imperial  UniverBity,  Tdkyd,  Japan. 

IN  the  geotectonios  of  the  Japanese  Islands,  neo-voloanio  eruptions 
in  chains  parallel  to  the  direction  of  their  elongation  play  an 
important  part.      Dr.  Harada^  has  counted  three  of  them  on  the 
north,   and   four  on  the  south  of  Kwanto,  where  the  mountain* 
systems  of  northern  and  southern  Japan  are  confluent.      Besides, 
there  are  three  chains  across  Japan.     They  are  (1)  the  Kirishimt 
chain  running  from  N.W.  to  S.E.,  in  the  southern  part  of  Kyushu; 
(2)  the  Chishima  chain  in  Hokkaido  running  from  N.E.  to  S.W. ; 
and    (3)    the   Fuji  chain  forming  the  boundary  of  northern  and 
southern  Japan  (Fig.  1).     In  a  part  of  the  Myoko  volcanic  group 
forming  the  northern  extremity  of  the  last  important  chain,  there 
are  the  volcanoes  of  Onigajd,  Myoko,  Eurohime,  and  lijuna,  all  of 
which   have  erupted,    according    to    Mr.   Yamazaki,   through   the 
Neogene  Tertiary  (probably  Miocene).     The  southern  continuation 
of  this  group  is  that  of  Yatsugatake,   consisting  of  about  nine 
volcanoes.     Further  on  the  south  stands  Mt  Fuji,  formed  in  the 
Pliocene  or  Diluvium,  like  its  southern  neighbour  Ashitaka-yama, 
which,  according  to  Mr.  Hirabayashi,  more  early  reposed.     In  the 
Hakone  and  Atami  volcanoes,  also  in  the  Fuji  chain,  eruption  took 
place,  according  to  him,  first  in  the  Pliocene  epoch,  but  chiefly  in 
the  Diluvial.     The  Izu  peninsula,  a  part  of  this  chain,  described 
geologically   by    Mr.   Ishihara,   has    several   volcanoes  —  Necogoe, 
Jaishi,  Amagi,  Daruma,  Sukumo  (?),  and  Ajiri  (?).     On  the  southern 
part  of  the  Fuji  chain  lying  in  the  sea,  there  are  found  the  small 
islands  collectively  called  Izu-shichito.    Tracing  further  southwards, 
we  have  Aoga-shima,^  Bayonnaise  Rocks,  Smith's  Island,  Tori-shima 
(Ponafidin   Is.),  Lot's  Wife  Rock,  the  Ogasawara  group    (Bonin 
Islands),  the  Sulphur  Is.  group  (Volcano  Islands),  and  the  islands 
of  the  Mariana  or  Ladrone  group,  all  of  which,  being  of  neo- volcanic 
origin,  had  been  until  recently  regarded  as  a  continuation  of  the  Fuji 
chain  (Fig.  1).^    However,  in  order  to  study  their  true  geological 
relations,   I   spent   about  one  month  (July   to  August,   1901)  in 
visiting  all  the  islands  of  the  Ogasawara  group,  except  the  Muko- 
jima  sub-group,  and  I  came  to  quite  a  diflerent  conclusion. 

The  Ogasawara  group  is  divisible  into  three  sub-groups.  The 
northern  part  is  the  sub-group  of  Muko-jima  (Parry  gr.),  containing 
Kater  Island  together  with  Nakodo-jima,  Yome-jima,  Kitano- 
shima,  Harino-iwa,  etc.  The  middle  one  is  that  of  Ohichi-jima, 
comprising  Chichi-jima  (Peel  Is.),  Ani-jima  (Buckland  or  Hog 
Is.),  Ototo-jima  (Stapleton  or  North  Is.),  Higashi-jima  (Sandy 
Beach  Is.),  Nishi-jima  (Little  Goat  Is.),  Minami-jima  (Long  Is.), 

*  Harada:  **  Die  JapaniBchen  Inscln,*'  1890. 

-  Shima  (pronouncca  Jima  in  combination)  means  island  or  islands. 

'  Harada:  **  Die  Japanischen  Inseln,*'  1890.  Eikuchi,  "On  Pyroxenite  Com- 
poimds  in  certain  Volcanic  Rocks  from  Bonin  Island  "  :  Journ.  Coll.  Sci.  Imp.  Univ., 
vol.  iii  (1890). 


8.  Ywhiicara — On  the  Benin  Islands.  297 

[itomara-jima  (Charles  Little  Is.),  Hjotan-jima  (Pihi  Is.),  Yagi- 
ma  (Goat  Is.),  and  Eitano-shima  (Fig.  2).  The  southern  part  is 
18  sub-group  of  Haha-jima  (Barley  or  Coffin  gi*.),  with  Haha-jima 
Billsborough  Is.),  Ane-jima  (Perry  Is.),  Imoto-jima  (Kelly  Is.), 
[ei-jima,  Hira-shima,  Muko-jima  (Plymouth  Is.),  Maru-shima, 
ntago-jima,  Matsunbdshi,  and  others  (Fig.  3).  All  the  islets  of 
le  Ogasawara  group  are  arranged  in  a  line  running  27^  4(y  N.  to 
6°  38'  N.  Far  to  the  south-west  of  Haha-jima  there  is  another 
roup  called  Sulphur  Is.  (Volcano  Islands),  comprising  Eita-iwo 
San  Alessandro  Is.),  Iwo  (Sulphur  Is.),  and  Minami-iwo  (San 
ngustino  Is.),  (Fig.  1).  All  the  islets  of  the  Ogasawara  group 
low  the  same  geological  formation.  The  chief  rock  in  the  Chichi- 
ma  sub-group  is  agglomerate  tuff  alternating  with  andesite  lava. 
In  the  island  of  Chichi-jima,  a  very  fine  tuff  is  exposed  on  the  west 
f  Omura  and  the  north  of  Mikazuki-yama,  where  we  rarely  find 
iin  strata  of  shale.  The  volcanic  rock  is  almost  all  augite-andesite. 
liat  on  the  north  of  Futami  harbour  (Port  Lloyd)  in  Chichi-jima 
nd  on  Ani-jima  and  Ototo-jima  is  black-coloured  with  resinous 
nstre,  sometimes  changed  to  a  green  weathered  mass,  and  is  often 
roken  by  fissures  into  large  polyhedral  fragments.  Beautiful 
rystals  of  heulandite,  apophyllite,  analcime,  and  chabasite  are  found 
s  druses  only  in  this  black  andesite.  The  same  rock  is  also  found 
n  the  southern  coast  of  Chichi-jima  and  north  of  Hatsune-ura  on 
be  east  coast  of  the  same  islet.  The  andesite  exposed  on  Haha- 
ma  and  Eominato  in  Chichi-jima  is  blackish-grey  to  light-grey, 
rith  gas  pores  filled  with  white  silica.  Specimens  from  Ogiura, 
[itafukurozawa,  north-east  of  Tatsumi-ura,  and  the  neighbourhood 
f  Taka-yama  in  Chichi-jima,  belong  entirely  to  vitro-andesite. 
Ir.  Suzuki  *  has  described  serpentine  from  Kurose  in  Ototo-jima. 
Tumerous  liparite  dykes  pass  from  the  south-western  corner  of  Ani- 
ma  to  the  north-eastern  of  Chichi-jima.  The  same  rock  is  not 
)und  elsewhere  on  the  Ogasawara  and  Sulphur  Is.  groups.  In  the 
[aha-jima  sub-group  we  find,  besides  the  predominant  agglomerate 
iff,  several  varieties  of  andesite.  Vitro-andesite  is  frequently  met 
^ith  near  Oki-mura  and  in  the  neighbourhood  of  Chibusa-yama  in 
[aha-jima.  Andesite  having  large  phenocrysts  are  principally 
Kposed  on  the  west  of  a  line  drawn  from  Kita-mura  to  Big  Bay  in 
>ki-mnra.  Andesites  are  also  found  in  the  isolated  islets  of  Imoto- 
ma  and  Mei-jima.  Generally  speaking,  the  Haha-jima  sub-group 
as  the  same  structure  as  that  of  Chichi-jima.  These  two  sub-groups 
re  typical  submarine  volcanoes^  which  sent  out  numerous  streams  of 
iva  by  subsequent  eruptions  after  frequent  periods  of  repose.  With 
9gard  to  the  sub-group  of  Muko-jinia,  which  I  could  not  personally 
isit,  I  have  obtained  a  series  of  rock-specimens.  The  islands  in 
lis  group,  situated  in  the  same  direction  as  the  Chichi-jima  and 
laha-jima  sub-groups,  judging  by  the  specimens,  must  show  the 
ame  geological  structure. 

^  Suzuki,  "Petrography  of  the  Boiiin  I-^laiuls'*  (in  Japanese):    Bull.  Geol.  Soc, 
apan,  vol.  i,  No.  1  (1885). 
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The  shaded  portiims  iudicato  limits  ot  volcanic  disturbance. 
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A  special  interest  is  connected  with  the  Nummulites,  which  are 
abundantly  found  in  the  tuff  and  agglomerate  tuff  of  the  Ogaaawan 
group.  A  single  specimen  of  Nummulite  was  brought  in  1899 
to  Mr.  Wakimizu  by  a  student  of  the  Agricultural  College,  bat 
at  that  time  the  relation  to  the  volcanic  rocks  of  the  group  was 
not  yet  known,  nor  the  occurrence  of  Nummulites  in  Japan  discussed 
by  Japanese  geologists  ;  thus  the  subject  was  one  of  special 
interest  in  my  observations.  The  Nummulites  are  found,  as  far 
as  I  know,  only  on  the  south-western  side  of  Haha-jima,  vis., 
at  Nankinyashiki,  Cocoa-nut  beach,  Bosu-dani,  Shizuka-dani,  Ichino- 
hashi,  Sannohashi,  and  Nenbutsu-toge.  The  Foraminifera-bearing 
tuff  of  these  localities,  except  the  last,  belongs  to  the  same  horizon 
and  shows  a  westerly  dip  (Fig.  3).  In  some  places  the  rock  is 
found  at  a  few  hundred  feet  above  the  sea-level,  with  a  thickness 
of  from  30  to  40  feet.  That  of  Nenbutsu-tpge,  only,  is  found  at 
a  height  of  more  than  600  feet,  and  its  relation  to  that  in  other 
localities  has  not  yet  been  ascertained. 

Our  Nummulites  are  of  two  distinctly  different  sizes.  Millions  of 
the  smaller  form  a  rock  closely  cemented  together  with  a  tufaoeooa 
material.  Their  diameter  and  thickness  scarcely  exceed  5*5  mm. 
and  2*6  mm.  respectively.  They  are  identical  with  Nummuiitet 
haguelensts  of  Yerbeek^  from  the  Eocene  of  Java.  The  larger 
specimens  are  again  separable  into  flatter  and  thicker  forms.  The 
thicker  ones  are  identical  with  Nummulites  javanus,  Yerbeek,'  from 
the  Eocene  of  Java,  and  attain  a  thickness  between  those  of  var. 
I3  and  7  of  Yerbeek.  The  flatter  ones,  which  belong  to  either 
a  variety  of  the  other  form  or  to  a  quite  different  species,  are  very 
large ;  the  largest  collected  by  me  has  a  diameter  of  60  mm.,  and  is 
probabl}'  one  of  the  most  gigantic  Nummulites  in  the  world.  On 
the  same  horizon  as  that  of  the  characteristic  Foraminifera  I  found  in 
the  tuff  of  Nishi-ura,  near  the  above-mentioned  localities,  SchizasteTf 
Pecten,  a  large  Nerita  (somewhat  allied  to  N,  schmedeliana,  Chem., 
abundant  in  the  Eocene  Nummulitic  formation  of  India),  besides  less 
numerous  forms  as  Volutaf  Cardium,  Tapes,  Natica,  i>enla/itim  (?), 
VermettiSt  Trochus  (?),  another  species  of  Nerita,  two  forms  of 
Ostrea,  and  many  species  of  corals.  I  have  collected,  besides, 
complete  specimens  of  three  species  of  Lithothamnium  from  the  same 
place.  In  the  tuff  of  Oki-mura,  lying  a  little  below  the  strata  of 
Nummulite- tuff,  there  are  many  forms  of  sharks'  teeth,  representing 
at  least  three  different  species  of  Lamna,  together  with  a  few 
specimens  of  N,  baguelensis  and  N  javanus.  It  is  very  noticeable 
that  the  Nuramulite-tuff  is  evidently  intercalated  in  the  lava-sheets 
or  agglomerate  tuff,  and  some  large  andesite  blocks  are  sometimes 
enclosed  in  the  tuff  as  at  Rosu-dani.  In  Haha-jima  I  could  not 
find  any  sign  of  difference  of  age  to  subdivide  the  rocks  of  volcanic 
origin.  Thus,  all  the  andesites  as  well  as  tuffs  of  Haha-jima  and 
the  other  islands  of  the  Ogasawara  group  must  have  been  formed 
in  the  Eocene  epoch. 

^  Verbeek  et  Fennema :  **  Description  geologique  de  Java  et  Madoura,"  t.  ii  (1S96). 
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Andesite  and  toff  are  the  chief  rooks  composing  the  Ogasawara 
px>up.  The  latter  are  always  inclined  in  various  directions,  showing 
preat  disturbance  after  their  formation.  We  find  great  limestone 
)zpo8ures,  resting  in  quite  horizontal  layers,  in  some  parts  of  the 
Saha-jima  and  Chichi-jima  sub-groups.  The  high  hill  of  Sekimon- 
rama  in  Haha-jima  is  entirely  formed  of  this  rock,  which  is  besides 
bond  in  separate  areas  at  Oki-mura  and  Akaiwa  (Sankaku-iwa). 
[n  Chichi-jima  the  same  limestone  forms  the  southern  point  of  land 
sailed  Minami-jaki,  as  well  as  Minami-jima  and  many  neighbouring 
'ooks.  The  limestone  is  always  in  elevated  places,  especially  that  of 
iiekimon-yama,  which  is  found  at  a  height  of  about  800  feet  above  sea- 
evel,  and  forms  two  successive  vast  terraces  along  a  hill  of  agglomerate 
uff  which  is  about  100  feet  higher  than  the  limestone  plateau. 
3ere  the  limestone  extends  towards  the  interior  for  a  few  miles,  and 
WBLS  originally  an  elevated  coral  reef.  Lithothamnium,  Bryozoa,  and 
)orals  are  predominant  in  the  limestone.  Numerous  Orhitoides  are 
dso  found  in  the  same  rock  at  several  places.  In  Minami-jima 
[  found  at  least  three  species,  one  of  which  is  very  thin,  with  the 
rery  large  diameter  of  47  mm.  In  Oki-mura  in  Haha-jima,  at  least 
hree  species  of  small  Orbitoides  were  also  collected.  A  few 
ndividuals  of  one  small  species  have  been  taken  from  the  limestone 
if  Minami-zaki.  All  the  Orbitoides  above  mentioned  belong  to 
Lepidocyclina ;  ^  some  of  them  are  identical  with  those  from  the 
liiocene  of  Java  described  by  Verbeek.  Thus  the  submarine  volcanic 
rnption  of  the  Ogasawara  group  began  in  the  Eocene  epoch,  and 
lad  already  ceased  before  the  Miocene.  This  old  volcanic  chain 
Qust  therefore  be  separated  from  the  Fuji  chain,  wbicli  is  younger 
^eogene  or  partly  even  still  younger  in  origin.  For  the  old  chain 
propose  the  name  of  **  Ogasuwara  chain.'*  No  indisputably  Eoceno 
olcanoes  corresponding  to  the  age  of  this  chain  liavo  3'et  been  found 
Q  Japan,  especially  near  the  Fuji  chain. 

The  Fuji  chain  certainly  extends  as  far  as  Hacliijo-jima.  On  its 
outh  there  are,  in  a  line  with  the  Fuji  zone,  the  islets  of  Aoga- 
hima,  Bayonnaise  Rocks,  Smith's  Is.,  Tori-shima- (Ponafidin  Is.), 
nd  Lot's  Wife  Rock,  all  of  which  are  composed  of  andesite 
ock.  No  land  is  found  between  the  last  islet  and  the  Ogasawara 
roup.  When  we  examine  on  a  map  the  relative  positions  of  the 
dands  near  the  Ogasawara  group,  we  find  them  in  two  rows.  The 
Tst  row  passes  from  the  sub-group  of  Muko-jima  to  that  of  Haha- 
ima  in  a  line  from  north  to  south,  at  the  longitude  of  about  142"^  E. 
lie  other  islets,  viz.   Rosario-jima  on  the  west  of  the  Ogasawara 

*  Localities  of  Orbitoides  in  Japan  liad  hrcn  confiuod  to  Nakako^aka  in  J'rovinoL* 
[otsuke  and  Kawaj^chi  in  IVoviucv*  Kai,  ])ri()r  to  my  journoy  to  Formosa  and  lliukiu 
Lioochu)  Islands  in  1899.  ►Specimens  iound  in  Nakako^aka  have  been  detennint.'d  by 
ones  a:*  ().  {Ditscocijchna)  dispausiiy  8ow.,  but  a itn* wards  as  LepidoojcJinn  by  Verboek. 
collected  numerous  specimens  from  the  limestone  in  Iriomole-iima  in  Riukiu  (Journ. 
loll.  Soi.  Imp.  Univ.  Tokyo,  vol.  xvi,  pt.  1,  art.  2,  1901).     liy  my  latest  rest-arches 

am  convinced  that  all  these  OrbifoidfS  of  the  above  three  localities  belong;  to 
\epidorycHna.  Besides,  Messrs.  U.  !».  Newton  and  U.  Holland  Iound  a  specie^  of 
£pido€ijdina  (0.  Vcrbecki^  Newt.  »fc  Holl.)  in  a  slide  of  Fonnosan  limer«tono  (Journ. 
reol.  Soc.  Tokyo,  vol.  vii,  Xo.  81,  1900). 

*  SiMilt  Tosi-shima  on  map,  Fi^.  I.  p.  298. 
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group  and  the  islands  of  the  Salphar  Is.  groap,  all  of  which  are 
also  of  neo-volcanic  origin,  are  arranged  in  a  different  directioii  at 
about  141^  E.  (Fig.  1).  The  second  series  will  be  a  continuation  of 
the  Fuji  chain,  as  proved  by  the  following  evidence.  Firstly,  tin 
Ogasawara  chain  was  constructed  in  the  Eocene  epoch;  the  other 
chain  belongs  to  a  very  late  formation.  Secondly,  the  second  ohaii 
lies  exactly  upon  a  line  drawn  from  Mt  Fuji  over  Hachijo-jims  as 
far  as  Lot's  Wife  Rock.  Thirdly,  the  volcanic  activity  of  the  Foji 
chain  is  of  a  later  date  and  is  not  yet  extinguished,  as  shown  in  the 
active  volcano  of  Oshima ;  eruptions  frequently  take  place  on  tha 
islands  south  of  Hachijo-jima  as  well  as  on  those  to  the  north. 
From  record  we  find  eruptions  took  place  on  Hachijo-jima  in  1487, 
1518,  1522,  1605,  and  1651,  and  on  Aoga-shima  in  1652,  1670. 
1780,  1781,  1783,  and  1785.  Violent  submarine  eraptions  ocooned 
till  1889  on  the  north-west  of  Kitaiwo-jima,  by  which  the  watar 
was  raised  several  hundred  feet  above  the  sea-level.  Even  at  tha 
present  day  we  find  there  muddy  sea- water  constantly  distarfaad. 
The  solfataras  in  Iwo-jiraa  are  still  constantly  active.  On  tha 
contrary,  no  volcanic  activities  are  at  present  observed  on  tha 
Ogasawara  chain.  The  regions  traversed  by  the  Fuji  chain  are 
famous  for  hot  springs,  which  are  also  seen  in  the  islands  on  tha 
southern  part  of  the  chain,  namely,  in  £[achijo-jima  at  Kashidata- 
mura,  and  on  Mihara-yama.  In  Aoga-shima  and  Iwo-jima  hot 
Hprin^s  are  said  to  be  everywhere  found  by  digging  into  the  ground. 
No  island  of  the  Ogasawara  group  has  springs  either  hot  or  cold. 
Earthquakes  are  frequent  on  the  Fuji  chain,  but  not  so  in  the 
Ogasawara  islands.  The  Fuji  chain  shows  many  local  disturbances. 
For  instance,  Iwo-jima  is  now  being  raised  up  so  very  quickly,  that 
ground  measuring  a  few  hundred  yards  was  upheaved  above  tha 
sea-level  in  a  few  years.  Very  young-looking  reef-corals  are  now 
seen  ou  the  plateau  about  300  feet  above  sea-level.  The  islands  in 
the  Ogasawara  chain  have  no  sign  of  new  upheaval ;  no  coral  reefst 
excluding  those  of  Miocene  age,  being  there  raised  above  the  sea-level 
even  at  low  tide. 

Thus  I  come  to  the  following  conclusions  : — 

Running  parallel  to  the  Fuji  chain  in  the  southern  sea  is  another  chain, 
which  I  propose  to  name  the  **  Ogasawara  chain." 

The  latter  was  formed  by  submarine  volcanoes  begun  in  the  Eocene 
epoch  and  already  in  repose  before  the  Miocene,  while  the  other  chain  is 
of  much  later  date. 

The  Ogasawara  chain  shows  andesite  and  variously  inchued  agglomerate 
tuff,  both  covered  with  a  thick  horizontal  Miocene  limestone  layer  of  coral 
origin.  Thus  the  several  disturl>ances  of  the  volcanic  rocks  and  tujflEs 
l)recedcd  the  formation  of  reefs  now  found  as  elevated  reefs  along  the 
ancient  sea-coast. 

The  Fuji  chain  was  formed  either  simultaneously  with  or  very  near 
the  latter  part  of  the  formation  of  the  Japanese  Islands.  The  existence 
of  the  still  older  Ogasawara  chain  shows  that  there  existed  already  an  old 
weak  line  of  the  crust,  parallel  to  and  close  by  the  Fuji  chain,  beifbre  the 
formation  of  the  Japanese  Islands. 
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. — Thb  Nbo- Volcanic  Chains  of  thb  Japanshb  Ihland8  (p.  298). 

chain.  Yahiko  chain.  Nasn  chain. 

Q.  Iwaki  chain.  Ogasawara  chain. 

t  chain. 

cup.  Kozu-shima.  Kita-iwO-jinia. 

ike  group.  Mi>-ake-jima.  Iw5-]ima. 

Mikura-jima.  Minami-iwo-jima. 

Hachijo-jima.  Tokyo. 

Aofira-shinia.  Muku-jima  Hub-group. 

Bayonnaisc  Rocks.  Chichi -J  ima  sub-group. 

Smith's  Iflland.  Haha-jima  sub-group. 

Tori-shinia  Izu-shichito. 

Tilt's  Wife  Rock.  Ogasawara  group. 

Rosario-jima.  Sulphur  Island  group. 

Fio.  2. — The  Chichi- jima  Sub-okoup  (p.  299). 

la.  Chichi-iima.  Kitulukurozawa. 

ta.  Mikazuki-yama.  Minami-fukurozawa. 

Omura.      *  Taka-yama. 

ima.  Futami  Harbour.  Taisumi-ura. 

la.  HatKuno-ura.  Minami-zaki. 

-jima.  dgi-ura.  Minami-jima. 

ima.  Yagi-jima. 

Fio.  3. — The  IIaha-jima  Sub-grovp  (p.  299). 

ta.  Nishi-ura.  Hira-sliima. 

a.  Okimura.  Muko-jima. 

yama.  Matsun-boshi.  Ane-jima. 

Mani-rthima.  ImOto-jima. 

rama.  Futago-jinia.  Mei-jima. 

[8T  OF  Thomas  Say's  Types  op  Maryland  (U.S.)  Tertiary 

MOLLUSCA   IN    THE    BRITISH    MuSEUM. 

By  R.  BuLLEN  Newton,  F.G.S. 

ose  students  interested  in  the  palasontology  of  Maryland, 
ited  States,  it  may  be  welcome  intelligence  to  know  that  the 
Finch  Collection "  of  Tertiary  Mollusca  from  that  State, 
.g  some  of  the  type- specimens  figured  and  described  by 
<  Say  ^  in  1824,  is  in  the  possession  of  the  British  Museum. 
$t  has  only  recently  been  recognized  through  the  examination 
in  documentary  evidence  connected  with  the  history  of  the 
ivertebrate  collections  contained  in  that  institution, 
ig  the  early  days  of  palffiontological  science  it  is  quite 
t  that  types  were  not  valued  as  they  are  now,  for  the 
ns  under  consideration  have  escaped  anytiiing  like  proper 
ion  up  to  the  present  time.  Without  registration  numbers 
hout  labels,  therefore,  considerable  care  has  had  to  be  dis- 
in  selecting  from  the  extensive  series  of  American  Tertiary 
I  the  Museum  tiiose  particular  forms  which  agreed  with  the 
ions  and  figures  of  Thomas  Say.  Tiie  importance  of  these 
m  scarcely  be  over-estimated,  since  they  form  the  material 
;h  was  based  the  first  systematic  description  of  Maryland 
'  Mollusca.  The  collector,  John  Finch,  was  himself  a  pro- 
f  geology  and  an  authority  on  the  Tertiary  deposits  of  the 

Account  of  some  of  the  F*)<<i\  Shells  of  Maryland*':  Jouru.  Acad.  Nat. 
delphia,  1824,  vol.  iv,  pt.  1,  pp.  r24-15;3,  pis.  vii-xiii. 
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United  States,  having  written  a  paper  entitled  "  (Geological  Essay  on 
the  Tertiary  Formations  in  America"  (Amer.  Joum.  Soi.,  1824 
vol.  vii,  pp.  31-43),  besides  some  further  works  on  kindred  subjeoti. 
His  last  publication,  issued  in  1833.  embraced  his  **  Travels  in  tiie 
United  States  and  Canada"  (8vo,  London),  where  references  are 
made  to  the  geology  and  mineralogy  of  those  countries. 

According  to  official  documents,  Mr.  Finch  offered  his  collection 
for  purchase  to  the  Trustees  of  the  British  Museum  throagh 
Dr.  Charles  Eonig,  who  was  then  the  chief  officer  of  the  NatanI 
History  Department.  This  offer  was  accepted,  and  on  the  oondosion 
of  the  usual  preliminaries  the  collection  became  the  property  of  the 
Museum  at  the  close  of  the  year  1834. 

Unfortunately  the  whole  of  the  types  have  not  yet  been  rescaed ; 
some,  of  course,  may  never  be  found,  whilst  others  may  come  to  light 
hereafter  which  have  by  mistake  or  chance  been  placed  into  wrong 
drawers.  In  any  case  it  is  a  fair  matter  for  congratulation  that, 
after  a  period  of  78  years  since  they  were  first  described,  a  goodly 
number  of  these  types  are  still  preserved  in  excellent  condition 
and  are  now  available  for  the  specialist  to  study. 

With  regard  to  horizons  it  may  be  mentioned  that,  with  one 
exception,  the  species  are  of  Miocene  age,  and  belong  to  the 
Chesapeake  formation  (see  Professor  W.  B.  Clark's  "Physical 
Features  of  Maryland  "  in  the  Maryland  Geological  Survey  Report, 
1897,  p.  197) ;  the  exception  is  that  of  Oatrea  compressirostra,  which 
belongs  to  the  Pamunkey  formation,  and  is  therefore  Eocene.  The 
nomenclature  adopted  in  the  list  corresponds  with  the  original  as 
used  by  Say  in  1824,  without  any  attempt  at  revision. 

List  of  Thomas  Say's  Types  of  Maryland  Tertiary  Molluscs 
described  in  the  Journ.  Acad.  Nat.  Sci.  Phil.,  1824,  vol.  iv, 
pp.  124-155,  pis.  vii-xiii,  in  the  British  Museum,  arranged 
in  the  order  of  original  description  : — 

Species. 
Bucciuum  porcinnm 
Buccinum  aratttm 
Dispotaa  {s:eii.  now)  f/ramiis 
FissHvella  redimicnla 
Ostrea  compress i rostra 
Pecteu  Je^ei'sonius 
Pect(n  Clintonius ... 
Fecten  septeuarius 
FUeatula  manj'nuUa 
Area  arata  [h\i  \\x\\\:  ovXs) 
Arcfi  eentoiaria  (riirht  vafvc  only) 
Area  in  die  {hit  viiUo  tm\y) 
Pectiincuhis  suhoiatus 
Crassatclla  i(iidniata 
Isocaniia  fraternn 
Lueiua  contraefa  ... 
Lucinn  auodonta  ... 
Cythcrca  eonrcua  (ri^ht  valve  ouly) 
Amphidesma  snhovata  (riijht  valve  only) 
Panopo'a  rejic.ta    ... 
Dentalium  attetiuatum     ... 


LATE. 

FlOUKE. 

Page. 

vii 

3 

126 

•  • 

Vll 

4 

127 

vii 

6 

130 

•  •  • 

VI  n 

1 

132 

>'iii 

2 

132 

> 

1 

133 

• 

IX 

2 

13o 

ix 

a 

136 

• 

IX 

4 

13b 

\ 

I 

137 

X 

2 

13S 

X 

8 

139 

X 

4 

140 

• 

XI 

2 

142 

xi 

1 

143 

X 

8 

145 

X 

9 

14(» 

•  > 

xu 

:j 

149 

X 

10 

1.V2 

xiii 

4 

lo3 

•  •  ■ 

VIU 

3 

154 
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rpes  at  present  missing  from  this  ooUeotion  are  : — 


>PSCIEH. 

tlla  plebeia 

interna     ...         ...         ...         ,,, 

'^'coatattu 

^HtTCUS        ...  ...  ,,,  ... 

Madisoniut^         

rata  (right  valve) 

*titenaria  {leit  yaXvii)        

tcf/e  (right  valve) 

"^•' •^  •••  •■•  ••«  ••• 

eoneentriea  

rardia  ^ranulata 

<equistriata  

subobliqiM  (described,  not  figured) 
eribraria  ... 

ieformis 

■a  <roiirr.ra  (left  valve)       

iundulata 

ivieina      

ieama  mbwata  (left  valve) 

ieuneata 

f  inaqHaU ... 

\  graniftra 


Plate. 

•  • 

vu 

•  • 

Vll 

•  • 

Vll 

•  • 

Vll 

X 
X 

X 
X 

X 

Xll 

X 

•  •  • 

Xlll 

•  • 

Xll 

•  • 

Xll 

ix 
ix 

X 

•  •  • 

Xlll 

xiii 

•  •  • 

vm 


FlOV&K. 

1 

2 
5 

7 

1 
2 

5 
6 
1 
7 

1 
2 
3 
5 
G 
10 
2 
3 
4 


Page. 

125 

125 

127 
129,  410 

134 

137 

138 

139 

141 

141 

142 

145 

147 

147 

148 

149 

150 

151 

152 

152 

153 

154 


URRENOB  OF  HaDIOLARIA  IN  GoNDWANA  BeD8  NEAR  MaDRAS. 
By  A.  K.  CoomarahwAmy,  B.Sc,  F.L.S.,  F.G.S. 
(PLATE  XVII,  Figs.  1-6.) 

Tpper  Gondwuna  (Bajmabal  Series)  beds  near  Madras  are 
Ided  into  two  groups,  the  lower  of  which  has  been  named 
permatur,  a  town  25  miles  west-south-west  of  Madras,  and 
nowu    locality   for  fossil  plants.     The  group  is  composed 

and  pale  bufif-coloured  shales  containing  plants,  at  least 
n  thickness,  resting  upon  sandstones,  grits,  and  micaceous 
ales,  at  least  15  feet  in  thickness,  whose  base  is  not  seen, 
:h  probably  rest  on  the  gneiss.     Silicified  wood  occurs  in 

the  gritty  beds.  The  other  fossils  occur  in  the  shales, 
sist  of  plant  and  animal  remains.  The  latter  are  poor, 
prise  two  or  three  indeterminable  species  of  ammonites  and 
amellibranch  bivalves. 

year,  while  staying  at  Madras  I  paid  a  short  visit  to 
itur,  accompanied  by  Mr.  Ranga  Chari,  M.A.,  of  the  Madras 
ty.  I  did  not  obtain  many  plant-remains,  but  was  struck  by 
porcellanic  character  of  the  shales  containing  them.  These 
•bedded,  white  to  cream  or  pale  coflfee-coloured,  and  often 
nooth  conchoidal  fracture.  A  few  specimens  were  collected 
rvayside  exposure,  on  the  track  between  Sripermatur  and 
In  the  tbin  slices  cut  from  these  specimens  Eadiolaria 
e  seen,  though  for  the  most  part  in  a  very  poor  state  of 
;ion.  These  organisms,  together  with  tiny  fragments  of 
uartz,  and  rarely  a  few  carbonaceous  specks,  are  embedded 
siliceous  paste  which  remains  dark  between  crossed  nicols. 
cally  chalcedonic  patches  show  a  fibrous  structure.     The 

pecies  Is  described  without  a  fi^re  :  the  type  is  said  to  be  in  the  Museum 
demy  of  Natural  Sciences,  Philadelphia. 
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fragments  of  clastic  quartz  are  rarely  as  large  as  the  Radiolaria, 
and  graduate  downwards  to  the  finest  dust  Very  minute  bedding 
is  clearly  seen  in  the  slides.  The  finer  material  seems  to  contai&i 
or  to  be  aggregated  into,  small  globular  masses,  some  of  which  are 
rather  conspicuous,  but  very  possibly  not  of  organic  origin. 

Dr.  Hinde  has  very  kindly  examined  the  slides,  and  says  ^'  there 
can  be  no  doubt  that  the  organisms  are  radiolaria."  ''Probahly 
several  forms  are  present,  most  of  them  rounded  or  lens-shaped 
discs  with  minute  reticulate  structure  and  without  radial  spinet; 
others  are  oval  with  spines,  and  one  form  is  like  a  sugar-loaf  in 
section."  In  some  cases  there  is  a  body  with  reticulate  structme 
within  a  clear  circular  area;  this  may  indicate  the  presence  of 
radiolarian  forms  with  the  inner  test  better  preserved  than  the  outer. 

There  are  also  in  the  slides  some  groups  of  small  rounded  bodies, 
of  inconstant  dimensions,  which,  as  stated  above,  are  probably  not  of 
organic  origin.  Dr.  Hinde  thinks  that  the  disc  or  lens-shaped  forms 
with  reticulate  structure  (Figs.  5,  6),  which  are  by  far  the  most 
abundant  forms  present,  belong  to  the  genus  Spongodiacm  in  the 
Discoidea  section.  The  conical  perforate  form  (Fig.  4)  probahly 
belongs  to  the  genus  Dictyomitra  in  the  Cyrtoidea  division.  'S^ 
spined  forms  (Figs.  1-3)  are  too  faintly  shown  for  determinationi 
but  may  belong  to  the  Discoidea  section. 

The  association  of  these  radiolarian  forms  with  plant- remains 
(the  shales  are  known  as  plant-beds,  though  the  plant-remains  are 
not  very  abundant;  I  found  no  mollusoa  myself)  is  of  great  interest, 
as  the  shales  must  have  been  deposited  in  comparatively  shallow 
water,  a  state  of  things  also  indicated  by  the  detrital  character  of 
the  other  beds  included  in  the  Sripermatur  group.  The  shales 
cannot,  however,  have  been  formed  very  near  the  shore.  Mr.  Foota 
says  that  they  *^  show  every  evidence  of  having  been  deposited  in 
perfectly  tranquil  water  at  sufficient  depths  probably  to  be  beyond 
the  agitation  of  the  waves.  The  fragmentary  nature  of  the  fronds 
and  leaves  appears  to  indicate  that  they  were  drifted  out  to  sea" 
(Mem.  Geol.  Surv.  India,  vol.  x,  p.  64, 1873).  The  most  porcellanio 
shales  seem  to  contain  the  best  preserved  plants. 

The  Eadiolaria  must  have  been  present  in  sufficient  quantity  to 
give  a  very  siliceous  character  to  the  rock,  yet  the  use  of  the  term 
*  radiolarian  chert '  would  hardly  be  justified.  I  might  add  that 
Badiolaria  are  to  be  found  at  the  present  day  in  shallow  water, 
though  not  in  such  abundance  as  in  the  open  ocean. 

Finally,  I  desire  to  thank  Dr.  Hinde  for  his  very  kind  assistance 
and  advice.  Rbfbrencbs. 

Mem.  Gcol.  Sarv.  India,  vol.  x,  p.  64,  1873. 
Paleont.  Indica,  ser.  ix,  p.  236,  1875. 
Geology  of  India,  2nd  ed.,  pp.  182,  208,  1893. 

EXPLANATION    OF    PLATE    XVII. 
Badiolaria  from  Upfer  GondwAna  Beds,  SRiPBRXATt^R. 

Fi08.  1-3. — Spined  forms,  possibly  belonging  to  the  section  Discoidea ;   ontlistf 

only  distingnishaole  ;    x  126. 
Fio.  4. — Conical  reticulate  form  probably  referable  to  the  genus  IHctyomiira,  x  420. 
Fjq8,  5f  6.— Lenticular  leUcuiaie  form  perhaps  belonging  to  the  genus  Spmig^i^^* 

X  200. 
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I.  —  EcmsocARis     WniDBORSEi    (Jones    k    Woodward)    and 

EcmsocAnis  Slouensis^  n.sp. 

By  Miss  £.  M.  Partridob. 

(PLATE    XVII,    Fiod.    7-9.) 

r\URING  the  last  year  the  Mar  wood  Beds  of  Sloley  Quarry,  near 
\j  Barnstaple,  have  yielded  some  additional  speoimens  of  EchinO' 
ariSf  which  have  afforded  material  for  the  present  note.  The 
ipecimens  have  all  been  found  in  the  fine  micaceous  shaly  beds, 
>ii  to  eight  feet  thick,  on  the  north  side  of  the  quarry,  below  the 
Qoassive  sandstones,  and  above  the  shallow -water  bed  containing 
plant-remains,  rain-prints,  worm-tracks,  etc.  The  same  shaly  beds 
contain  Lingula  squamiformis  in  abundance ;  other  bivalves  are  less 
frequent.  They  have  now  yielded  as  many  as  twelve  specimens  of 
Echinocaris. 

EoHiNooABis  Whidbobnki  (Joncs  &  Woodward). 

One  of  the  recently  discovered  specimens  (Fig.  7)  is  more  complete 
than  any  hitherto  found.  The  carapace  is  much  crushed.  The 
six  abdominal  segments  are  well  preserved  ;  the  abdomen  tapers 
posteriorly.  The  segments  increase  in  length  towards  the  posterior 
legment,  the  anterior  somites  being  twice  as  long  as  wide,  the 
}osterior  somewhat  less  wide  than  long.  The  posterior  margins  of 
he  segments  are  furnished  with  nodes  or  short  spines,  those  of  the 
wo  anterior  segments  being  small  and  few  in  number.  The  four 
K>sterior  segments  have  also  one  or  two  short  nodes  or  spines  on  the 
lorsal  or  lateral  surface.  Telson  smooth,  slightly  smaller  than 
he  last  abdominal  segment,  triangular  in  outline,  produced  into 
i  long  slender  spine  quite  twice  as  long  as  the  posterior  abdominal 
egment.  Ventral  surface  of  this  spine  with  a  central  furrow, 
ihown  on  the  mould  as  a  ridge,  where  a  portion  of  the  spine  has 
)een  broken  away.  Attached  below  the  telson  are  two  other 
(pines,  which  are  slightly  longer  than  the  spiniform  extension  of 
he  telson.  These  spines  also  have  a  central  furrow  along  the 
irentral  surface. 

Measurements:  Abdomen,  18mm.  long;  segments,  commencing 
mth  the  anterior,  respectively  about  *J,  2-2,  2*7,  3  (?),  3,  4  mm.  in 
ength ;  telson,  2  mm.  long  by  2*5  wide;  telson  and  spine,  when 
complete,  together  10  mm. 

ECHINOGABIS   SlOLIENSIS,  U.Sp. 

The  description  is  based  on  two  specimens  (Figs.  8,  9),  for  one 
3f  which  I  am  indebted  to  Mr.  F.  J.  Partridge,  who  discovered  it. 
The  other  was  found  by  Mr.  A.  K.  Coomaraswamy.  Neither 
specimen  is  complete,  nor  are  they  very  well  preserved.  Carapace 
convex,  elongate-ovate  in  outline,  the  valves  about  twice  as  long 
is  broad,  or  more.  Margins  thickened,  carinated,  but  wider  and 
fattened  at  the  posterior  ends  of  the  valves,  which  ends  are 
rather  widely  separated.      Cephalic  region  not  well  preserved  in 
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either  specimen ;  the  cephalic  swellings  similar  to  those  of  E,  soddU 
(Beecher).    The  thoracic  portion  of  the  valve  possesses  two  ovate 
tubercles,  one  (the  smaller)  parallel  with  the  outer  margin  and 
situated  in  the  upper  outer  comer  of  the  thoracic  portion  of  the 
▼alve ;   the  other  is  situated  transversely,  and  fonnd  in  the  npper 
dorsal  portion  near  the  hinge.     Along  the  outer  margin  of  the  first 
tubercle  runs,  parallel  with  the  margin  and  towards  the  posterior 
angle  of  the  valve,  a  sharp,  almost  smooth  carina ;  at  its  upper  end 
it  bends  outward  to  the  ventral  margin  of  the  valve.     From  the 
other  tubercle  runs  a  second,  nodose  ridge,  almost  coinciding  with 
the  dorsal  line,  and  continued  along  the  margin  of  the  valve.    In  the 
centre  of  the  area  enclosed  by  these  two  ridges  is  a  longitudinal  row 
of  minute  nodes,  ornamenting  a  third  carina.     The  other  elevated 
portions  of  the  valves  possess  also  minute  irregular  tubercles,  but 
the  outer  carina  is  almost  or  quite  free  from  these.      Abdomen 
composed  of  six  visible  segments  (the  telson  being  absent  in  our 
specimens),  the  whole  tapering,  the  posterior  segments  a  little  longer 
than  the  anterior.      The  posterior  margins  of  each   segment  are 
ornamented  with  a  number  of  small  nodes,  the  anterior  segments 
possessing  fewest  of  these.     A  few  tubercles  are  also  found  on  the 
surface  of  the  segments  between  the  posterior  and  anterior  margins. 

Measurements :  Length  of  valves,  9-10  mm. ;  greatest  width  of 
a  single  valve,  4*7  mm. ;  abdomen,  11  mm.  long. 

This  species  much  resembles  E,  socialis  (Beecher),  but  the  carapace 
is  much  longer  in  proportion  to  its  width.  The  outer  carina  also  is 
almost  or  quite  siuooth,  and  bends  outward  to  the  ventral  margin  of 
the  valve  instead  of  fusing  with  the  tubercle  as  in  E.  sociaHs.  The 
middle  carina  is  also  more  prominent  than  in  E.  socialis. 

I  am  much  indebted  to  Dr.  Henry  Woodward  for  kind  assistance 
and  advice  in  the  preparation  of  this  note. 
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EXPLANATION   OF  PLATE  XVIL 

Echinoc'iris  from  the  Marwood  Beds,  Sloley  Quarry,  near  Barnstaple. 

Fig.  7. — Echinocnr'm  Whidboruei  (Jones  &  Woodward).  Partridj^e  Collection,    x  2. 
Fio.  8. — Echinocaris  Sloli^nsis,  n.sp.,  right  valve  of  carapace.      Coom/iraswi'imy 

Collection,      x  2. 
Fig.  9. — Echinocaris  ShlietmH^  n.sp.,  another  specimen,  more  complete.     Partrid:re 

Collection,      x  2, 


Dr.  M.  if.  Ogilcie  Gordon — Monzoni  and  Upper  Husa.    309 

VII. — MONZONI   AND  UpPEB  FaSSA. 

By  M.  M.  Ogilyzb  Gordon,  D.Sc. 

rpHE  following  pages  present  some  results  obtained  by  me  from 
JL  the  geological  sarvey  of  the  Fassa  district  in  the  Dolomites 
oomprisinfi^  the  Bafaare  and  Monzoni  mountain  groups,  where  the 
porphyritic  and  monzonitic  rocks  are  widely  exposed.  In  selecting 
this  district  I  had  two  objects  in  view — (1)  to  study  in  detail  the 
tectonic  relations  between  the  igneous  and  stratified  rocks ;  (2)  to 
test  the  results  which  I  had  previously  obtained  from  my  survey 
of  Sella  Massive,  etc. 

The  Tebtiaby  Age  of  Monzoni. 

The  Campagnazza  Meadowland  stretches  east  of  Monzoni  as 
undulating  slopes  descending  southward  from  the  Costabella  range 
of  limestone  to  the  Pellegrino  Valley.  The  raeadowland  is  com- 
posed of  Permian  and  Werfen  strata,  and  I  discovered  in  it  a  number 
of  intrusive  sills  of  porphyrite  associated  with  two  faults.  The 
more  northerly  of  the  faults  runs  east-west  at  the  southern  base 
of  the  Costabella  range,  and  it  continues  westward  as  the  northern 
fault-limit  of  the  Allochet  ridge  and  Monzoni.  This  fault  is 
steeply  inclined  to  the  north,  and  the  differential  movements  have 
effected  the  relative  downthrow  of  the  Costabella  fault-block  on 
the  north.  The  other  fault  follows  a  curved  strike,  its  course  being 
E.S.E.-W.N.W.  in  the  Campagnazza,  but  curving  to  E.N.E.-W.S.W., 
where  it  is  continued  as  the  southern  fault-limit  of  the  Allochet 
ridge  and  the  monzonite  rocks  of  Monzoni.  The  curvature  is 
convex  towards  the  north,  and  the  fault-plane  is  inclined  northward. 
In  the  Campagnazza  there  is  north  of  the  fault  a  crumpled  sheared 
slice  of  Werfen  strata ;  but  this  block  is  represented  at  Monzoni 
by  the  intruded  igneous  rocks.  The  tectonic  relation  of  the 
monzonite  intrusion  is  therefore  that  of  a  fault-sill,  representing 
in  the  strike  the  Campagnazza  crust- si  ice  between  the  two  faults, 
and  injected  at  an  angle  of  strike-curvature. 

The  fault-block  south  of  the  curved  fault  may  be  conveniently 
termed  the  Pellegrino  fault-block.  It  comprises  quartz  porphyry, 
Permian  strata,  and  fault-fragments  of  Werfen  strata,  and  has  been 
driven  southward,  representing  one  of  a  series  of  over  thrust  slices 
which  occur  south  of  the  Pellegrino  Valley  (Fig.  1).^  Still  farther 
south  the  Cima  d'Asta  overthrusts  are  present,  and  as  there  are 
occurrences  of  Jurassic  and  Cretaceous  strata  in  the  shear-zones  of 
the  overthrust  faults,  it  is  clear  that  the  slicing  took  place  in  con- 
nection with  Tertiary  movements  in  the  Alps.  The  Campagnazza 
fault-curves  were  certainly  not  earlier  than  the  overthrusts ;  thus, 
my  geological  mapping,  whicli  proves  the  replacement  of  the 
Campagnazza  sheared  slice  by  the  monzonite  intrusion,  proves  at 
the  same  time  that  the  intrusion  was  of  Tertiary  age.  I  find 
further  that  I  can  offer  an  interpretation  of  the  sequence  of  injections 

'  I  have  made  th»  personal  exnmination  ot  the  district  south  of  the  Pellegrino 
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ia  tb«  Uoozooi  tuonDUio  based  upon  the  detailB  or  strike-deavkge 
in  the  Gampagnazza  Meadowlaud  and  Uoiuoai. 

The  Coalabetla  dowiulip  slice  strikes  N.  T5°-80°  W.,  th«  Gam- 
r^T'*"*  ihear-slioe  Btrikes  N.  65=  E.,  the  PeUegrmo  thmst-alioa 
Btrikea  N.  eS'-SO"  W.  Theae  fooU  indicate  that  the  proximal 
crnst-slioes  have  adjusted  themaelTea  in  the  Gampagnazsa  along 
different  strike*!,  the  one  being  the  differential  correlatiTe  of  tlia 
other.  Bnt  at  AUochet  the  strike  both  of  the  Coatabella  and 
Gampagnazza  croat-sliceB  cnrvee  to  the  E.N.E.-W.8.W.  direction, 
and  the  monzonite  rocks  of  Monzoni  have  tbia  ae  their  fnodamental 
strike,  the  dip-oleavagee  being  towards  the  north-west  at  an  angle 
of  oa.  50°,  and  towards  the  sonth-east  at  an  angle  of  ca.  40°.  'Ae 
E.N.E.  and  W.N.W.  strikes  may  both  be  suitably  termed  '  Asta ' 
■trikes,  &om  the  famous  Cima  d'Aata  Uassive  in  the  Dolomitea, 
where  ProfesBor  Suees  first  detenninedoverthmst  movement  towards 
the  S.a£. 


IraiuiverM  itecticm  thmuj^h  the  Cujtabella  nuige  (Middle  TriasBic  limestone} :  thr 
Campagnazza  Meadowland  (Lower  Triaasic  mLied  depoeitn  and  fault- frasment;' 
iif  rermiau  Btralu) ;  the  slopes  of  Pcllefninu  Valler  [rertoian  Btmta  (Pih.)  and 
Quarts  I'orphjij-  (Q.P.]):  //,  'Asta'  faulU  ;  'E.W.,  old  east-west  fault; 
a  1,  porphjTiti!  pill  and  dyke  fplem  nscendinf!  faults,  clcflvape-plani':',  and 
hedding-phiDes. 

In  my  previous  papers  I  have  demonstrated  that  these  correlative 
strikes  developed  in  consequence  of  the  superposition  of  the  Peri- 
Adriatic  movements  upon  the  regional  East  Alpine  movement,  and 
this  explanation  is  fully  borne  out  in  the  Campagna^ia.  The 
east- west  fault  north  of  Monzoni  and  the  Gampagnazza  is,  according 
to  my  reHciirchee,  an  old  synclinal  fault  between  two  fundamental 
East  Alpine  anticlines,  that  of  the  original  Fellegrino  anticline  on 
the  south  of  the  fault,  and  on  the  north  of  it  the  antioline  which 
I  shall  term  the  Contrin  anticline,  from  its  favourable  expOBure  on 
the  Contrin  Alpe  north  of  the  Gostabella  range. 

The  north  fault-limit  of  Monzoni  with  east-west  direction  has 
in  previous  literature  gone  by  the  name  of  the  'eruptive  fissure,' 
and  probably  the  direction  of  this  fault  gave  the  erroneous  impression 
that  the  monzonite  had  a  parallel  strike.  But  the  monzonite  rock 
both  here  and  in  the  Predazzo  area,  a  little  to  the  south-west  of 
Honzoni,  strikes  E.N.E.-W.S.W.,  and  as  will  appear  from  what 
follows,  the  original  intrusion  of  monzonitio  magma  was  a  oontinuouB 
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'  Asta  '  fault-Bill — the  western  or  Predazzo  portion  having  been 
svhBequenUy  displaced  southward,  and  downthrown  relatively  to 
the  Monzoni  portion.  Again,  the  '  eruptive  fissure '  has  been 
deecribed  as  ''probably  "  continuing  through  a  porphy  rite  fault-dyke 
east  of  Lago  di  Selle  and  passing  E.N.E.  through  the  Costabella 
range.  This  is,  however,  not  the  case.  The  east-west  fault  holds 
its  own  direction,  passing  due  east  into  the  Campagnazza.  I  regard 
it  as  one  of  the  leading  Alpine  faults  in  this  district,  comparable  with 
the  Groden  and  Buchenstein  faults  which  I  have  described  in  my 
former  papers.  Its  age  may  be  far  greater  than  the  injection  of  the 
monzonite,  seeing  that  the  injection  was  synchronous  with  the 
superposed  *  Asta '  movement  Moreover,  the  term  *  eruptive '  was 
applied  under  the  conception  that  Monzoni  was  a  volcanic  centre 
in  Triassic  time,  the  monzonite  being  the  deep-seated  facies  of 
Triassic  surface  flows  of  porphyritic  lava  and  tuff.  This  1  hold  to  be 
a  mistaken  conception,  as  I  have  carefully  examined  all  the  supposed 
surface  flows  of  porphyrite  in  the  vicinity  of  Monzoni  and  in  Upper 
Fassa,  and  have  found  them  to  be  intrusive  sills  and  dykes,  injected 
subsequently  to  the  main  intrusion  of  monzonite,  at  that  epoch  in 
fact  when  the  monzonite  fault-sill  was  cross-sliced,  and  its  western 
portion  laterally  displaced  as  far  as  Predazzo.  According  to  my 
mapping  of  this  district  there  are  no  igneous  contemporaneous  rocks 
later  than  the  quartz  porphyry  except  the  tuffs  in  the  Wengen- 
Cassian  beds. 

Having  now  pointed  out  how  some  of  the  older  misconceptions 
regarding  Monzoni  may  have  arisen,  I  shall  proceed  to  indicate 
briefly  a  few  of  the  leading  observations  I  have  made  throughout 
the  district. 

The  Miocene  Age  of  Pobphyrite  Sills. 

Fig.  1  is  a  generalized  transverse  section  through  the  Campagnazza 
Meadowland  and  the  Costabella  range.  It  shows  how  the  two 
crust-slices,  the  Campagnazza  and  the  Costabella  slices,  are  them- 
selves cut  by  subordinate  fractures.  These  are  'Asta'  fractures, 
striking  either  E.N.E.  or  W.N.W. ;  the  inclination  of  all  shear- 
planes  is  northward,  but  the  angle  of  inclination  varies  very  con- 
siderably. The  chief  tectonic  complications  occur  in  the  immediate 
proximity  of  the  older  east-west  fault.  In  the  eastern  or  Fuchiade 
part  of  the  Campagnazza,  a  small  segment  of  older  strata  is  at  this 
fracture  overthrust  above  Upper  Werfen  strata.  In  the  middle  part 
of  the  Campagnazza,  several  porphyrite  fault-sills  ascend  at  this 
shear-zone.  The  western  or  Aliochet  portion  near  Monzoni,  like  the 
middle  area,  shows  several  shear-planes  and  porphyrite  fault-sills, 
but  the  strata  dip  more  steeply.  The  porphyrite  sills  run  con- 
tinuously from  the  *  Asta '  faults  into  virgating  cross-faults  directed 
N.N.W.-S.S.E.  and  N.N.E.-S.S.W.  Two  virgating  groups  of  faults 
and  fault-dykes  divide  the  Campagnazza  into  the  three  segments 
which  I  have  indicated — the  Aliochet  segment  on  the  west,  the 
middle  or  main  cross-segment,  and  the  Fuchiade  segment  on  the 
east.     The  middle  segment  is  an  upthrow  relatively  to  the  segments 
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east  and  west  of  it ;  the  oross-fault  limiting  it  against  the  Alloobet 
ridge  is  directed  N.N.W.  -  S.S.K,  hat  the  oross-£ault  limiting  it 
against  the  Fuchiade  segment  on  the  east  is  directed  N.N.E.-S.&W. 
Hence  the  leading  strike-curve  of  the  Campagnazza  is  convex  to  tlie 
north. 

The  diagonal  fault-dykes  continue  their  coarse  northward  and 
cut  the  Costahella  range  into  similar  cross-slices.  In  the  Coataliella 
range  the  fault-dykes  are  again  continuous  with  sills  which  follow 
the  strike,  penetrating  the  strata  at  various  horizons.  Two  leading 
sills  are  fault-sills, — the  lower  is  injected  at  the  horizon  of  Mendola 
limestone,  the  higher  is  included  in  a  complex  shear-zone  of  Cassian 
and  Schlern  limestone  horizons.  The  latter  has  previously  been 
regarded  as  the  direct  continuation  of  the  east- west  fault,  but  it  is 
only  one  of  several  branches  from  the  east- west  fault,  diverging 
E.N.E.  from  the  Lago  di  Selle  plateau. 

The  whole  rock  succession  in  the  Campagnazza  and  Costahella 
has  undergone  vertical  cross-cleavage  according  to  a  north-east  and 
south-west  (N.  40°  E.)  strike,  and  inclined  cross-cleavage  along 
a  N.W.-S.E.  direction  with  the  dip-cleavago  planes  inclined  south- 
east at  an  average  angle  of  35^-40°.  The  intrusions  of  porphyrite 
ascend  chiefly  in  the  planes  of  strike-cleavage,  and  the  sills  occupy 
irrespectively  the  north-dipping  bedding-planes  and  the  indined 
cleavage-planes  with  south-east  dip.  I  have  incontestible  proofe 
(1)  that  injections  run  continuously  into  the  Asta  planes  and  the 
planes  of  cross-cleavage ;  (2)  that  the  cross-cleavage  strike  and  dip 
system  has  disjointed  and  deformed  the  Asta  strike  and  dip  system; 
and  I  therefore  conclude  that  tlie  leading  porphyrite  sills  and  dykes 
in  this  area  were  coeval  with  the  superposition  of  the  cross-cleavage 
system.  In  previous  papers  I  have  called  the  cross-cleavage  system 
the  '  Judicarian '  system,  and  referred  it  to  the  Miocene  geological 
epoch,  treating  it  as  a  more  advanced  phase  in  the  protracted  history 
of  superposed  movements  than  that  which  gave  origin  to  the  E.N.E. 
and  W.N.W.  strikes.  The  *  Judicarian'  and  'Asta*  systems  of 
strike   have  orthogonal   correlation  with   one   another,  the  N.N.E. 

*  Judicarian  '  strike  being  rectangular  to  the  W.N.W.  *  Asta '  strike, 
and  the  N.N.W.  *  Judicarian '  strike  being  rectangular  to  the 
E.N.E.  *  Asta  '  strike.  Thus  cross-cleavage  was  superinduced  upon 
the  '  Asta '  strike  -  system,  but  the  differences  in  the  detailed 
stratigmphy  of  the  cross-segments  in  the  Campagnazza  show  that 
both  systems  were  acting  simultaneously,  the  orthogonal  stresses 
being  associated  with   the   superposition  of  the  N.N.E.~S.S.W.  or 

*  Judicarian  '  strike  upon  the  fundamental  east- west  *  Alpine  *  strike. 

Thb  Cboss-Cleavage  op  Monzoni. 

The  '  Asta '  injection  of  monzonite  apparently  engulfed  the  strati- 
lied  rocks  of  the  Permian  and  Werfen  horizons,  and  as  it  consolidated 
did  so  in  conformity  with  the  actual  strike  and  dip  of  the  bedding- 
planes  ahove,  around,  and  amidst  them.  The  rock-magma,  owing 
to  the  action  of  the  local  pressure-strains,  consolidated  as  a  series 
of  gneissose  zones,  and  these  original  segregation  zones  have  the 
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EIN.E.  strike  aod  northward  dip  of  the  whole  mass.  In  sucoession 
*rom  south  to  north  the  zones  are :  (a)  the  lowest  zone,  a  light 
coarse-grained  monzonite  specially  rich  in  mioa ;  (6)  a  finer-grained 
iifferentiation  of  the  micaoeous  type  of  monzonite;  (c)  a  ooarse- 
icrained,  pyroxenic,  or  gabbro-like  monzonite ;  (d)  a  finer-grained 
lark  type,  highly  augitic ;  this  uppermost  zone  sends  short  apophyses 
nto  the  limestone  of  the  peripheral  zone. 

Differential  movements  subsequent  to  the  ^Asta'  injection  of 
nonzonite  have  concentrated  themselves  at  the  zone  between  the 
iner-grained  micaoeous  type  and  the  coarse  gabbro-like  monzonite. 
rhe  dip-joints  curve  steeply  northward  at  this  horizon,  and  the 
iugitic  segregation  zones  have  been  downthrown  to  the  north  and 
vest  and  sliced  by  several  shear-planes  both  in  strike  and  cross 
lirections.  The  chief  fauli-zone  runs  entirely  through  the  Monzoni 
nountain,  following  a  curved  strike,  which,  like  the  Judicarian-Asta 
fault-system  round  Allochet  and  Campagnazza,  is  convex  to  the  north, 
rhe  fault-zone  through  Monzoni  is  parcdlel  with  the  peripheral  fault- 
lystem,  limiting  Monzoni  on  the  west,  north,  and  east.  In  the 
fault-zone  the  monzonite  rock  is  sheared  and  sliokensided  in  tHie 
very  highest  degree,  having  been  converted  into  a  monzonite  fault- 
schist,  or  in  some  places  into  a  coarser  fault-breccia.  Moreover,  the 
fault-zone  is  the  seat  of  later  injectione,  in  contact  with  which  the 
3arlier  gneissose  bands  of  monzonite  have  endured  extreme  contact 
ilteration.  The  later  injections  have  two  very  important  tectonic 
features  in  common  with  the  porpbyrite  sill  and  dyke  system  of  the 
2lampagnazza.  They  extend  continuously  in  the  strike  fault-curve 
through  Monzoni,  and  in  numerous  cross-faults  (N.N.W.,  N.S.,  and 
S^.N.E.)  which  cut  Monzoni  into  a  series  of  cross-segments  com- 
parable with  those  of  the  Campagnazza.  This  feature  in  itself  gives 
I  safe  indication  that  the  later  injections  in  Monzoni  were,  like  the 
porpbyrite  sills  in  the  Campagnazza,  associated  witii  the  *  Judicarian' 
novement.  But  there  is  still  stronger  evidence.  The  whole  of 
^ionzoni  has  been  cross-cleaved,  the  striko-cleavage  being  north- 
east to  south-west,  and  the  slabs  of  dip-cleavage  being  inclined  to 
the  south-east.  The  cross -cleavage  planes  of  Monzoni  are  in 
fact  a  repetition  of  those  displayed  in  the  stratified  rocks  of  the 
Dampagnazza,  and  the  differential  correlative  planes  are  similarly 
ieveloped.  The  later  injections  in  Monzoni  ascend  pre-eminently 
the  vertical  cross-cleavage  planes  or  the  inclined  planes  dipping 
south-east.  Thus  it  may  be  safely  concluded  that  the  later  irruptions 
in  Monzoni  took  place  in  the  Miocene  epoch  when  the  Asta- Judicarian 
movements  heul  reached  their  most  intense  phase  in  the  Alps. 

The  series  of  later  injections  inclnrles  a  much  greater  mineralogical 
variety  of  igneous  types  than  the  earlier  intrusion.  The  first  in- 
jections of  the  later  series  include  somewhat  abnormal  augitic  and 
bomblendic  types  of  monzonite  and  a  still  more  basic  olivine-gabbro 
type,  coarsely  crystalline  for  the  most  part,  but  passing  into  basaltic 
facies.  This  rock  is  readily  recognized  in  the  leading  fault-zone 
3y  its  characteristic  ferruginous  and  serpentinous  decomposition 
products.      It  also  runs  northward  as  cross-dykes  in  the  rugged 
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spurs  that  descend  to  the  Monzoni  Alpe.    Certain  peripheral  dykes 
of  very  basio  types  of  moDzonite  are  also  of  this  period. 

The  next  set  of  injections  show  marked  di£ferentiation  into  granitio 
and  augitic  varieties.  Usually  the  injections  are  found  in  group 
form,  the  more  acid  and  more  basic  types  occurring  together  or 
within  a  few  yards  of  one  another.  Dyke-pairs  of  granite  and 
porphyrite  or  of  monzoni te  aplite  and  hornblendic  monzoni te  are 
very  common,  and  there  are  fault-dykes  of  aplite,  pegmatite,  or 
highly  felspathic  monzonite.  Seams  of  orthoclastic  rook  are  freely 
injected  both  in  strike  and  cross  directions.  Those  groups,  pairs, 
or  seams  of  smaller  dykes  occur  across  the  olivine-gabbro  and  normal 
monzonite  rocks  in  Monzoni,  and  also  sporadically  at  the  peripheral 
shear  and  contact-zone,  where  they  are  very  often  associated  with 
a  fine-grained  basic  porphyrite  that  weathers  greenish,  and  answers 
in  its  thinner  threads  to  the  description  of  the  igneous  rock  whioh 
has  passed  in  the  literature  under  the  name  of '  pietra  verde.' 

The  last  injections  include  liebenerite  porphyry,  plagiocUstic 
porphyrite,  and  some  ultrabasic  limburgite  types.  Their  oocurrenoe 
in  the  field  is  in  north-south  direction  or  very  few  degrees  east  or 
west  of  this  direction.  They  cross  all  other  dykes ;  several  excellent 
exposures  that  I  found  prove  them  to  be  the  young^t  type  of 
injected  rock  in  Monzoni.  They  mark  certain  '  focal  areas '  within 
the  mountain  where  strike  and  cross  faults  intersect.  At  these  areas 
local  inthrows  have  occurred  in  relation  to  a  cross-movement  from 
east  to  west,  whereby  cross-slices  of  Monzoni  were  overthrust 
westward,  and  behind  each  thrust-slice  there  was  a  zone  of  downslip 
and  inthrow. 

The  western  thrust-slices  present  an  arrangement  of  gneissose 
bands  following;  strike-curves  convex  to  the  west.  This  strike-curve 
is  orthogonal  to  the  strike-curve  convex  to  the  south,  which  is 
characteristic  of  the  front  portions  of  the  Pellegrino  and  other 
thrust-masses  overthrust  to  the  S.S.E.  The  focal  areas  around  which 
these  transverse  or  'Judicarian'  strike-curves  are  arranged  occur 
within  Monzoni,  but  the  focal  area  corresponding  to  the  general 
strike-curve  of  the  monzonite  rocks  is  immediately  north  of  Monzoni, 
at  an  area  in  Monzoni  Alpe  where  inthrow  has  taken  place,  and 
where  the  N.N.E.,  N.S.,  and  N.N.W.  cross-faults  that  radiate 
through  Monzoni  converge. 

I  regard  the  olivine-gabbro  and  contemporary  basic  types  of 
monzonite  in  Monzoni  as  the  deeper-seated  facies  of  the  massive 
porphyrite  sills  that  spread  through  the  Triassic  horizons  in  the 
neighbouring  districts ;  whereas  the  granites,  aplites,  and  the  more 
segregated  types  of  porphyrite  and  monzonite  in  Monzoni  were 
coeval  with  certain  fine-grained  basio  injections  into  the  porphyrite 
sills  of  the  vicinity. 

The  occasional  ultrabasic  dykes  in  north-south  cleavage-planes 
were  still  later.  In  ]\Ionzoni,  in  the  neighbourhood  of  the  chief 
shear-zone,  the  rocks  have  been  rippled  along  an  east- west  strike; 
in  the  Allochet  ridge  east  of  Monzoni  there  is  rippling  in  this 
direction,  and  cross-rippling  due  north  and  south.    The  wave-length 
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these  ripples  is  quite  short,  hut  as  the  whole  area  shows  north- 
Dth  cleavage,  I  consider  them  confirmatory  evidence  that  the 
ist-Alpine  pressure-system  acted  intermittently  or  synchronously 
ith  the  Judicarian-Asta  pressures,  and  that  as  these  pressures 
mporarily  waned  after  the  epoch  of  crust-slicing  and  igneous 
bmsions,  the  effects  of  the  East-Alpine  movement  became  more 
onounced.  Whether  this  explanation  be  correct  or  not,  the 
ratigraphy  shows  that  horizontal  compression  acted  along  east- 
3flt  and  north-south  directions  after  the  epoch  of  the  most  intense 
idicarian  and  Asta  movements. 

The  Contbin  and  Buohenstein  Anticlines. 

The  Permian  and  Werfen  strata  are  widely  exposed  on  the  Contrin 
Ipe,  and  the  essential  features  in  the  stratigraphy  of  the  anticline 
s  more  easily  obtained  than  in  the  Pocol  and  Monzoni  Alpes 
rther  west.  According  to  my  mapping,  the  original  north  limit 
the  Contrin  anticline  was  an  east- west  fault  through  the  present 
jfaure  Massive  from  Muzzin  in  Fussa  Valley  to  Penia  at  the 
nfluence  of  the  Upper  Avisio  and  the  Conti*in  streams,  the  fault 
ntinuing  eastward  through  the  Upper  Avisio  Valley,  westward 
rough  the  Udai  Valley.  The  original  south  limit  of  the  Contrin 
ticline  was  the  east-west  fault  north  of  the  Campagnazza  and 
onzoni  area.  The  present  distance  between  these  two  faults  is, 
the  crow  flies,  about  6|  kilometres. 

The  Contrin  anticline  is  succeeded  on  the  north  by  another  east- 
5St  anticline,  that  of  Upper  Fassa.  It  is  the  continuntioii  of  an 
ticline  to  which  1  previously  gave  the  name  of  the  Bucheiihteiu 
ticline  (Q.J.G.S.,  1899,  p.  583).  In  Upper  Fassa  the  Triassic 
•ata  belonging  to  this  anticline  are  exposed  in  the  northern  half 
Bufaure,  in  the  Upper  Fassa  slopes,  in  Rodella  Mountain,  in  the 
(pes  of  Mount  Donna,  in  the  Sella  Pass,  and  in  the  southern  half 
the  Sella  and  Langkofl  mountaiu-massives.  The  old  east-west 
lit  which  forms  the  original  limit  of  the  Contrin  anticline  on  the 
rth,  is  the  southern  fault-limit  of  the  Buohenstein  and  Upper  Fassa 
ticline.  The  northern  fault-limit  of  the  Buohenstein  anticline,  as 
monstrated  by  me  in  former  papers,  passes  through  the  Langkofl 
d  Sella  limestone-massives,  through  Stuores  Alpe  and  the  north 
Sett  Sass,  being  at  the  same  time  the  southern  fault-limit  of  the 
•oden  anticline.  The  distance  between  the  limiting-faults  of  this 
ticline  in  Upper  Fassa  is  the  same  as  the  width  of  the  Contrin 
ticline,  viz.  Gf  kilometres.  Both  anticlines  have  undergone 
>8S-deformation  in  virtue  of  the  superposed  Asta-Judicurian 
)vement8.  In  several  cases  that  I  have  measured,  the  width  of 
3  complete  wave-form  of  the  Judicarian  cross-movement  is  in  this 
»lity  5^  kilometres. 

The  Asta-Judicarian  movements  have  produced  a  series  of  over- 
rust  and  downslip  crust-slices  following  strike-curves,  and  cross- 
ilted  as  in  the  case  of  Monzoni.  The  porphyritic  sheets  have 
en  injected  in  the  downslip  shear-zones  behind  the  thrust-masses 
Werfen  and  limestone  strata,  and  in  *  Judicanau'  CTC09>vl9k>\\l^  *, 
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they  have  locally  broken  throagh  the  thraBi-maasea  as  fanlt-aills  and 
dykes,  brecciating  and  altering  the  atrata,  the  igneoaa  and  breodoia 
material  thus  replacing  the  strata  along  the  strike  of  the  thnut- 
masses.  Accordingly  I  dissent  from  the  opinion  advanced  by 
Mojsisovics  and  repeated  in  slightly  dififerent  form  by  Salomon, 
that  the  igneous  rocks  of  BufiAure,  Belvedere,  etc.,  oonstitntad 
a  volcanic  Triassic  facies  of  the  Marmolata  limestone.  The  maasivs 
sheets  of  porphyrite  at  Bufaare,  etc.,  are  wholly  intrusive  and  ran 
into  radial  and  strike  fractures  associated  with  the  Aata-Judioarian 
movements.  The  stratigraphy  of  the  district  will  be  fully  set  forth 
in  the  geological  map  and  sections  that  are  to  accompany  my 
complete  paper. 

Blogk-Pobphtbite. 

Some  of  the  most  puzzling  problems  concerning  the  mineralogy 
of  the  district  are  associated  with  the  block-porphyrite  ('Block- 
Porphyr '  of  Mojsisovics),  or,  as  it  has  been  frequently  termed,  the 
conglomerate  or  '  agglomerate '  structure  of  the  igneous  rocka.  Hie 
explanations  offered  by  all  who  have  surveyed  in  this  district  except 
myself  have  been  based  upon  the  assumption  that  the  Bufaure  and 
neighbouring  sheets  of  porphyrite  were  contemporaneoua  Triassic 
lavas.  During  my  own  field-work  I  have  had  to  make  a  oloae 
investigation  of  various  sills  of  block-porphyrite,  and  find  that  the 
conglomeratic  appearance  is  due  to  various  causes.  While  in  many 
cases  the  block- structure  is  simply  a  result  of  original  segregation 
in  concretionary  lumps  or  lenticular  patches  and  bands,  there  are 
others  where  the  structure  is  superinduced.  I  found  it  necessary  to 
determine  the  joint-cleavage  systems  in  the  porphyrite  very  care- 
fully, as  the  later,  more  basic  injections  have  frequently  been  injected 
along  the  joint-planes,  and  so  encircle  isolated  masses  of  an  earlier 
sill,  just  as  the  sill-iuagma  itself  enwrapt  or  infiltrated  particular 
masses  of  strata  when  it  was  injected.  I  classify  the  different  types 
of  block-structure  as  follows  : — 

(a)  Original  agglomeratic  structure  dependent  upon  various  forms 
of  segregation  products ; 

(b)  Joint-bloch  structure  due  to  decomposition  and  weathering  of 
the  porphyrite  along  intersecting  curved  joints  ; 

(c)  Superinduced  hrecciose  structure  where  a  sill  has  after  con- 
solidation been  subjected  to  differential  shearing ; 

(d)  Combination-sill  structure,  where  intermittent  injections  have 
passed  into  the  same  fault-zone,  and  the  later  injections  have  broken 
up  the  older. 

The  Sella  Pass. 

The  north  wing  of  the  Buchenstein  anticline  occupies  a  crust- 
zone  in  which  old  eruptive  fissures  of  Triassic  age  occurred.  I  have 
previously  determined  the  Buchenstein-Mahlknecht  fault-zone  ex- 
tending east  and  west  through  this  area,  and  have  pointed  out  that 
the  tufaceous  as  contrasted  with  the  calcareous  facies  developed  in 
the  proximity  of,  and  north  of,  this  Triassic  fracture-zone  daring  the 
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Wengen-Cassian  epooh,  and  that  the  northern  area  was  especially 
tabjeot  to  local  variability  daring  the  Upper  Cassian  and  Raibl 
periods  (ant  Q.J.O.S.  1893,  Oeol.  Mag.  1894  and  1900,  Verhand- 
langen  1900).  In  1900  I  prepared  a  transverse  section  throagh 
Sella  Pass  on  the  north  of  the  fracture-zone,  according  to  which 
the  stratigraphical  saccession  is  as  follows  : — (1)  Wengen  tuffs 
and  shales  with  the  typical  plants  and  bivalves ;  (2)  Cassian  lime- 
stones, marls,  tufaceous  shales  and  grits,  containing  the  typical 
Stnores-Cassian  fauna  together  with  Pachyeardia  rugosa  and  several 
other  species  found  at  Seiser  Alpe,  but  not,  so  far  as  yet  known, 
at  the  Stuores  locality  near  St  Cassian ;  (3)  Upper  Cassian  lime- 
stones and  tufaceous  marls  and  breccias ;  the  '  Cipit-Kalk '  or  reef- 
limestone  lenticles  are  imbedded  in  tufaceous  rocks  containing 
a  transitional  Cassian-Raibl  fauna,  and  passing  conformably  under 
the  Sohlem-dolomite  rocks  of  the  adjacent  mountain- massives.  At 
Sella  Pass  numerous  specimens  of  Pachyeardia  rugosa  occur  at  both 
the  Cassian  zones;  on  the  other  hand,  certain  forms  such  as  Trigonodus 
RdblenatB  and  certain  species  of  Avicula  make  their  first  appearance 
in  the  Upper  Cassian  zones.  The  rich  fauna  found  in  the  '  Pachy- 
eardia tuffs'  of  the  Seiser  Alpe  (v.  Zittel,  Zeitschrift,  1899)  is  very 
well  represented  at  Sella  Pass.  And  comparing  my  Sella  Pass 
section  with  my  former  sections  in  Enneberg  and  Ampezzo,  the 
'  Pachyeardia  tuffs '  are  demonstrated  to  be  the  time-equivalent  of  the 
whole  St.  Cassian  series. 

It  has  previously  been  supposed  that  the  Wengen-Cassian  series 
were  absent  in  Fassa,  but  I  have  found  that  although  thinly 
developed,  the  Wengen  and  Stuores-Cassian  zoneH  are  present  at 
the  base  of  the  Vallaccia  limestone  massive  between  Fassa  Valley 
and  Monzoni,  and  at  the  base  of  the  Punta  di  Costabella. 
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On  thb  Late  Glacial  and  Post-Glacial  Changes  of  Level  in 
THE  Christiania  Region.  By  W.  C.  Brogger,  with  contribu- 
tions by  E.  B.  MiJNSTER,  P.  Oyen,  and  others.  Norwegian 
Geological  Survey,  No.  31.  8vo  ;  pp.  731,  19  plates,  and  G9 
figures  in  the  text. 

THE  changes  which  Norway  has  passed  through  in  the  concluding 
portions  of  the  Glacial  period  and  subsequently  to  the  present 
time,  have  not  been  so  systematically  and  thoroughly  investigated 
as  those  in  the  eastern  portion  of  the  Scandinavian  peninsula,  and 
though  various  branches  of  the  subject  have  been  described  during 
the  last  fifty  years  the  Norwegian  geologists  have  not,  as  a  rule, 
specially  concentrated  their  researches  on  this  part  o^  \\\q  ^eo\Q^\^"?X 
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history  of  their  country.  This  oiroumstanoe  moved  Profeaor 
Brogger,  although,  in  his  own  estimation,  no  specialist  in  the  field 
of  glacial  geology,  to  trace  out  in  detail  the  important  series  of 
changes  which  accompanied  and  followed  the  retreat  of  the  last 
great  ice- sheet  which  covered  Southern  Norway.  Nowhere  are  the 
records  of  these  changes  better  preserved  and  more  clearly  shown 
than  in  the  districts  bordering  the  Christiania  fjord,  a  region  which 
the  author  has  already  made  classical  by  his  well-known  deacriptioii 
of  its  Palseozoic  geology  and  fossils. 

Although  the  title  of  the  work  refers  to  the  changes  of  level 
which  the  country  has  undergone  in  the  period  under  consideration, 
the  evidence  of  these,  to  a  great  extent,  is  furnished  by  the 
characters  of  the  molluscan  fauna  in  the  various  deposits,  and  the 
work  gives  mainly  the  results  of  a  detailed  study  of  the  changes 
which  have  taken  place  in  this  fauna  by  the  introduction  of  certain 
species  and  the  disappearance  of  others.  Not  only  changes  of  level 
but  modifications  of  the  climate  are  also  indicated  by  the  varioos 
phases  of  the  molluscan  life  which  flourished  in  the  Christiania  fjord 
after  the  retreat  of  the  ice-sheet. 

The  author  treats  the  subject  under  three  main  divisions  or 
periods.  The  first  of  these — the  period  of  subsidence — begins  at 
a  time  when  the  front  of  the  glacier  extended  across  and  on  both 
sides  of  the  southern  portion  of  the  Christiania  Qord,  and  in  front  of 
it  huge  terminal  moraines  were  being  formed  beneath  the  sea-level, 
while  outside  of  these  the  Yoldia-clays  were  laid  down.  The  level 
of  the  land  at  this  time  was  not  much  lower  than  at  present,  bat 
a  movement  of  depression  had  set  in  which  continued  until  the  land 
had  sunk  to  the  extent  of  about  240  metres  (787  feet),  and  the  sea 
margins  reached  to  the  southern  end  of  Lake  Mjosen  and  the  other 
lakes  of  Central  Norway.  During  this  sinking  interval  the  land-ioe 
was  gradually  melting  back  northwards,  leaving  behind,  at 
successive  stages  in  its  retreat,  huge  ramparts  of  terminal  moraines 
indicating  prolonged  pauses  in  its  recession.  Over  the  areas  vacated 
by  the  ice,  beds  of  shelly  clays  were  deposited ;  the  shells  for  the 
most  part  are  of  Arctic  species,  but  in  the  later  stages  of  the 
depression  there  was  an  admixture  of  boreal  forms. 

The  second  period  was  ushered  in  by  a  movement  of  elevation, 
and  its  various  stages  are  shown  by  the  abundance  of  shelly  sands 
and  gravels  at  difierent  levels  above  the  sea,  and  to  a  subordinate 
extent  by  clay-beds  as  well. 

The  third,  or  post-Glacial  period,  commences  about  the  middle 
of  the  elevatory  stage  and  continues  to  the  present.  It  is 
characterized  mainly  by  shallow-water  sands  and  gravels,  with 
numerous  shells  and  clay-beds  as  well.  The  mollusca  are  now  for 
the  most  part  boreal,  and  southern  forms  and  the  principal  Arctic 
species  have  disappeared. 

I.    Tlie  Period  of  Stibaidence. 

Returning  now  to  the  late  Glacial  period  of  subsidence,  the  author 
states  that  the  terminal  moraines — or  raSj  as  they  are  designated — 
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Qnsist  of  enormoas  masses  of  stratified  sand  and  gravel  of  rolled 
ebbles,  with  patches  of  olay,  which  have  been  brought  down  by 
be  streams  produced  by  the  melting  ice  and  deposited  beneath  the 
ea-level  immediately  in  front  of  the  glacier.  In  structure  they  may 
e  compared  to  asar,  but  their  position  is  that  of  terminal  moraines, 
lie  outermost  ra  crossing  the  Ohristiania  fjord  has  been  assumed  to 
epresent  the  furthest  extension  of  the  land-ice  during  the  last 
:laciation  of  the  country,  but  this  is  incorrect,  for  the  rock  surfaces 
eyond  the  ra  are  glacially  striated  in  the  same  way  as  those  behind 
:,  and  there  is  no  doubt  that  the  ice  of  the  last  glaciation  reached 
utwards,  beyond  the  present  shore  limits  of  the  country. 

Outside  the  terminal  ra,  that  is,  between  the  moraine  and  the 
oastline,  but  never  within  the  morainic  barrier,  there  is  a  widely 
pread  deposit  of  clay,  known  as  the  Yoldia-clay,  which  in  places 
ests  directly  on  the  striated  surfaces  of  the  ancient  rocks  and  in 
laces  on  the  outer  slopes  of  the  ra,  from  below  the  present  sea-level 
0  40-45  metres  above  it.  The  clay  consists  of  a  fine  mud,  often 
rith  stones  and  boulders  of  porphyry,  syenite,  and  granite, 
riginatiug  from  the  central  and  northern  portions  of  the  Ohristiania 
egion ;  many  are  typically  striated.  Molluscan  shells  of  large  size, 
odicating  favourable  conditions  of  existence,  are  abundant  in  the 
lay.  Twenty-six  species  have  been  determined  ;  the  commoner  and 
aost  characteristic  forms  are  Fortlandia  (Yoldia)  nrctica,  Oray, 
iaeoma  cnlcariaf  Ohem.,  Saxicava  arctica,  Linn.,  Zedapemula,  Miill., 
nd  Nucula  tenuis,  Mont  The  first  of  these  occurs  nearly  everywhere  ; 
oth  valves  are  usually  found  united,  and  the  epidermis  and  ligament 
re  preserved.  In  places  the  clay  contains  numerous  foraminifera ; 
•ne  species,  Folystomella  arctica.  Park.  &  Jones,  is  a  typically  Arctic 
orm.  The  mollusca  of  the  Yoldia-clay  are  now  all  found  living  in 
ligh  Arctic  regions  at  depths  of  10-30  metres  ;  most  of  them  are 
iresent  in  the  Kara  Sea,  and  it  may  reasonably  be  assumed  that 
hese  fossils  lived  under  similar  conditions  of  depth  and  temperature 
s  their  recent  representatives.  The  Yoldia  -  clay  with  its 
haracteristic  fauna  can  be  traced  on  the  sea-bottom  round  the 
oast  of  South  Norway  to  depths  of  over  70  fathoms,  which  shows 
hat  during  the  earlier  deposition  of  the  clay  the  land  must  have 
teen  at  a  higher  level  than  at  present.  The  shells  appeared  to  have 
ived  contemporaneously  with  the  formation  of  the  outer  ra,  and  the 
and  appears  to  have  sunk  during  this  period  from  about  50  metres 
bove  to  70-75  m.  below  the  present  level. 

The  question  of  the  elevation  of  the  land  in  Norway  before  the  ra 
►eriod,  during  the  time  of  the  great  glaciation,  is  discussed  by  the 
uthor  in  connection  with  the  occurrence  of  sub-fossil  shells,  of 
pecies  which,  living,  are  found  at  depths  of  only  a  couple  of 
athoms,  in  the  sea  between  Norway,  Spitzbergen,  and  Greenland, 
rhere  they  occur  at  depths  of  20-500  fathoms.  Further,  dead 
hells  of  shallow-water  forms  like  Fortlandia  arctica  have  been 
Iredged  up  from  depths  of  656-1333  fathoms  off  Spitzbergen,  where 
hey  are  associated  with  numerous  otoliths  of  fishes.  Dr.  Nansen 
grees  with  the  author  that  these  dead  shells  are  distributed  over  too 


320  Reviews— Dr.  W.  C.  Brogger— 

wide  areas  to  be  acooanted  for  by  ice-transport  from  the  shallow- 
water  localities  round  the  coast,  and  on  the  supposition  that  they  are 
now  in  the  spots  where  they  lived,  it  would  be  needful  to  postulate 
a  former  elevation  of  the  sea-bottom  to  the  extent  of  800-1400 
fathoms.  Brogger  considers  that  during  the  great  glaoiation  the 
land  may  have  been  elevated  perhaps  to  2,600  metres  above  its 
present  level,  and  this  would  furnish  an  explanation  of  the  formation 
of  the  deep  fjords,  and  of  the  movement  of  the  land-ice  from  the 
Scandinavian  highlands  to  the  central  European  plain  during  the 
great  glaoiation. 

The  banks  of  dead  littoral  shells  forming  a  continental  platform 
along  the  west  coast  of  Norway,  at  depths  of  100-300  metres,  are 
compared  with  the  sunken  shell  banks  of  Rockall  and  those  off  the 
Faroe  Islands,  and  they  are  considered  by  the  author  to  point  to 
a  widespread  elevation  of  the  sea-bottom  amounting  to  100-^00 
metres  in  the  last  interglacial  period,  which  may  have  oontinne<l 
during  the  last  glaoiation  of  Norway. 

In  the  lower  part  of  the  valley  of  the  Glommen,  near 
Frederikstad,  the  lower  Yoldia-clay  is  overlaid  by  another  clay  not 
more  than  1-2  metres  in  thickness,  containing  nearly  the  same  fanua 
as  the  lower  bed,  but  the  forms  are  smaller,  and  some  new  species 
appear,  for  example  Yoldia  hyperhorea,  Loven,  which  lives  at 
greater  depths  than  P.  ( Yoldia)  arctica.  These  facts  show  that  the 
upper  Yoldia-clay  was  formed  at  greater  depths  than  the  lower,  and 
that  the  sinking  of  the  land  was  continuous. 

The  upper  Yoldia-clay  gradually  passes  upwards  into  another 
deposit,  only  a  few  metres  in  thickness,  in  which  most  of  the  species 
are  new,  whilst  Portlandia  arctica,  the  characteristic  shell  of  the 
Yoldia-clays,  has  quite  disappeared.  Amongst  the  principal  fonud 
are  Area  (jlacinlis,  Gray,  and  Portlandia  lenticula,  Fabr.,  and  from 
the  first  of  these  the  beds  are  named  Aroa-clays.  They  contain 
about  twenty  species  of  mollusca,  all  high  Arctic  forms,  which  now  live 
at  considerable  depths  in  the  Polar  Sea,  and  it  is  probable  the  beds 
were  laid  down  at  depths  of  80-100  metres.  Like  the  Yoldia-clays, 
the  lower  Area-clays  are  only  found  outside  the  ra,  and  as  some  oJf 
them  are  now  25-40  metres  above  the  sea-level,  it  follows  that  the 
land,  at  the  closing  period  of  the  outer  ra,  was  100-125  metres 
lower  than  at  present. 

After  the  deposition  of  the  lower  Arca-olays  on  the  areas  beyond 
the  outer  ra,  a  somewhat  rapid  change  in  the  rate  of  melting  of 
the  glacier  took  place,  which  resulted  in  the  retreat  of  the  ice 
northwards  up  the  Cliristiania  fjord  for  a  distance  of  20-25 
kilometres,  where  another  pause  was  made  which  resulted  in  the 
formation  of  the  Svelvik  terminal  moraino,  or  inner  ra.  In 
structure  this  resembles  the  outer  ra  :  it  was  laid  down  beneath 
the  sea  ;  its  present  height  is  150-190  metres  above  the  sea-level.  It 
has  a  length  of  about  2  kilom.,  and  the  breadth  of  its  base  is  1^  kilom. 
Two-thirds  of  its  materials  consist  of  sand ;  the  remainder  are  pebbly 
gravels  of  granite,  hornblende  schist,  and  quartzite,  with  a  few 
angular  striated  boulders. 
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The  extensive  areas  between  the  outer  and  the  inner  ra  are  covered 
f  thick  deposits  of  clay  which  rest  directly  on  the  striated  surfaces 
:  the  older  rocks.  Only  a  scanty  fauna  of  about  a  dozen  species, 
lost  of  them  of  a  high  Arctic  character  and  similar  to  those  in  the 
»wer  Area-clays,  are  known  from  these  beds,  which  are  termed 
le  middle  Area-clays.  The  principal  forms  are  Area  glacialia, 
Lstinctly  smaller  than  those  in  the  lower  beds,  and  ForUandta 
ntieida.  These  middle  Area-clays  are  now  at  levels  of  150  metres 
x)ve  the  sea ;  they  indicate  a  further  sinking  of  the  land  during 
le  withdrawal  of  the  ice  from  the  outer  to  the  inner  ra. 

From  the  inner  ra  at  Svelvik  the  glacier  melted  back  northwards 
»  the  valleys  of  Drammen,  Lier,  and  Christiania,  where  the  third 
age  in  its  retreat  is  marked  by  terminal  moraines,  similar  to  those 
»wer  down,  most  of  which  served  to  dam  up  lake-basins  behind 
lem.  In  the  districts  vacated  by  this  stage  of  the  ice  retreat, 
rogger  has  recognized  a  clay  deposit  of  deep-water  origin,  the 
Danger  or  upper  Area-clay,  in  the  lower  parts  of  the  valley,  up  to 
[)out  120-130  metres  above  sea-level,  containing  thirty -seven  species 
r  mollusca,  and  somewhat  higher,  at  levels  up  to  175  m.,  a  clay  of 
somewhat  shallower  character,  named  the  younger  Portlandia-clay. 
he  fauna  of  the  younger  Area-clay  is  not,  like  that  of  the  older 
oldia-clays,  of  a  purely  Arctic  character,  for  only  about  half  the 
3ecies  in  it  are  now  living  in  the  Kara  Sea ;  it  contains  an  admixture 
r  boreal  species,  and  it  corresponds  with  that  now  existing  at  depths 
f  100-200  m.  oflF  the  north  coast  of  Norway. 

The  further  withdrawal  of  the  ice  northwards  is  marked,  as  hitherto, 
y  moraines  at  intervals  where  pauses  have  taken  place ;  the  fourth 
f  these  occurs  behind  the  clay  terrace  at  Lillestrummen,  and  a  fifth 
t  the  south  ends  of  the  large  lakes  of  Central  Norway — Mjosen, 
[urdalsvand,  Randsfjord,  etc.  At  this  fifth  or  epiglacial  station, 
}  it  is  designated,  enormous  masses  of  clay,  and  upon  these  to  the 
orth,  sands  and  gravels,  are  spread  over  the  terraces  of  Romerike 
ad  part  of  Eingerike.  These  gravels  appear  to  have  been  all  laid 
own  beneath  the  sea ;  they  are  now  about  225  metres  above  sea- 
>vel.  But  few  mollusca  are  found  in  the  clays  between  the  third 
ad  epiglacial  moraines  ;  the  principal  species  are  Porilandia  leniicida 
Qd  Asiarie  compressa,  and  the  beds  are  named  after  the  first 
F  these. 

One  of  the  most  striking  phenomena  of  the  period  of  the  greatest 
ibmergence  in  the  Christiania  fjord  is  the  well-known  coral  reef, 
)  carefully  described  by  M.  Sars,  consisting  of  masses  of  the  deep- 
rater  coral  Lophohelia  prolifera,  Linn.,  which,  in  a  dead  but  well- 
reserved  condition,  occur  at  Drobak,  south  of  Christiania,  covering 
tie  sea-bottom  at  levels  of  60  metres  below  the  surface,  and  they 
re  also  found  over  an  area  of  about  100  square  kilom.  to  a  height 
f  30  m.  above  the  sea.  Associated  with  the  coral  is  the  giant  form 
f  Lima  exeavata,  Fabr.  Both  the  coral  and  shell  are  now  found 
iving  in  the  Norwegian  fjords  at  depths  of  100-300  fathoms, 
ud  it  is  probable  that  they  existed  in  the  Christiania  fjord  at 
.  depth  of  not  less  than  150  metres,  when  the  climaltt  v^B^a  woV  n^x'^ 
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different  from  the  present  and  the  raaigin  of  the  land-ioe  yet  stood 
before  Mjosen  and  Randsfjord. 

The  upper  marine  boundary  at  ChrisHania  is  aboat  216  metres 
(708  feet)  above  the  sea-level,  and  the  maximum  of  the  anhsidenofi 
occurred  when  the  ioe  had  retreated  behind  the  epiglaoial  station, 
and  this  morainio  dam  appears  to  have  barred  the  further  extension 
inland  of  the  sea,  for  behind  it  no  marine  deposits  have  been  met 
witlL  The  further  melting  back  of  the  ioe  took  plaoe  when  the 
period  of  elevation  had  set  in,  and  the  valleys  then  became  fresh- 
water lakes. 

The  full  extent  of  the  depression  of  the  land  at  the  time  of  the 
last  ice-sheet  is  unknown ;  that  portion  of  it,  from  the  time  of 
the  outer  ra  to  the  epiglaoial  moraine,  which  can  be  approximatdy 
ascertained,  probably  represents  only  the  smaller  half  of  the  sub- 
sidence. Shortly  before  the  formation  of  the  outer  ra,  the  land  wm 
probably  about  the  same  level  in  relation  to  the  sea  as  now ;  daring 
its  deposition  the  land  sank  to  about  100-125  metres  lower  than 
at  present,  and  at  this  period  the  older  and  newer  Yoldia-olays  and 
the  lower  Arca-olay  were  deposited.  When  the  moraines  of  the 
inner  or  second  ra  were  formed,  the  subsidence  reached  to  185  m. 
at  Hougen,  and  at  the  third  morainio  station  in  the  Christiania  valley 
to  about  200  m. ;  in  front  of  these  moraines  the  newer  Arca-olay  and 
the  Portlandia-clay  were  laid  down.  At  the  time  of  the  epiglaoial 
moraines,  when  the  subsidence  ceased,  the  land  south  of  Lake 
Mjosen  had  sunk  about  240  m.  (787  feet). 

The  climate  of  the  Christiania  region  during  the  long  period  of 
subsidence  changed  from  a  high  Arctic  character  to  that  of  a  boreal 
Arctic.  At  the  time  of  the  lower  Yoldia-clay  the  average  temperature 

was  probably  — 6° 9°  C,  similar  to  that  of  the  Kara  Sea ;  in  the 

upper  Yoldia-olay  period,  — 4°  C,  like  that  of  the  sea  round  Nova 
Zembla :  whilst  at  the  time  of  the  upper  Area-clay  it  had  risen  to  2^C., 
similar  to  that  of  West  Finmark.  At  the  close  of  the  subsidence, 
during  the  formation  of  the  epiglaoial  moraine,  the  climate  probably 
differed  but  little  from  the  present  one. 

The  author  proposes  to  designate  the  whole  interval  of  the  late 
glacial  subsidence,  which  may  well  have  comprised  some  thousands 
of  years,  the  Christiania  period,  and  he  considers  it  to  correspond 
with  the  Charaplain  period  of  North  America. 

II.  The  Late  Glacictl  Shell  Beds  and  Clay  Deposits  formed  during  the 

Elevation  of  the  Land. 

The  very  highest  occurrences  of  late  Glacial  marine  shells  in  the 
Christiania  district  were  discovered  by  Mr.  P.  Oyen  in  littoral  sands 
and  gravels  at  Qrefsen  and  Arvold,  near  Christiania,  at  levels  of 
203-208  metres  above  the  sea,  only  a  short  distance  below  the 
maximum  marine  margin,  which  here  is  216-218  metres.  The 
shells  belong  to  but  few  species ;  they  include  Mytilus  edulis,  Macama 
hnlticn,  Myn  tnmeata,  Saxicava  pholadis,  etc.  The  shells  ooour  for 
the  most  part  as  casts  or  impressions  ;  the  beds  are  of  a  very 
different  character  from  those  at  lower  levels,  and  they  may  probably 
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referred  to  the  concluding  part  of  the  period  of  Bobeidenoe  rather 
in  to  that  of  elevation.  They  are  overlaid  by  gravels  with 
iiierous  large  boulders. 

The  higher,  late  Glacial  shell  beds  in  the  vicinity  of  Ghristiania 
ve  long  been  known  through  the  descriptions  given  by  Keilhaa» 
.  Sars,  and  Ejernlf.  They  consist,  for  the  most  part,  of  sands  and 
bbly  gravels,  crowded  with  fragments  of  broken  shells,  and  in 
Be  places  entire  forms,  belonging  to  the  littoral  or  the  highest 
rt  of  the  laminarian  zone,  which  lived  at  depths  not  more  than 
out  10  metres.  They  are  known  as  the  My  a- beds,  from  My  a 
mcata,  one  of  the  most  characteristic  forms ;  Myttlua  edtdii  is  also 
mmon ;  other  species  are  Cyprina  islandiea,  Mcieoma  halttca, 
Uorina  liitorea,  etc.  In  the  southern  part  of  Sm^lenene,  to  the 
nth-east  of  Ghristiania,  the  upper  Mya-beds  contain  28  species  of 
)llnsca,  17  of  which  are  Arctic  and  6  boreal  forms.  The  beds  are 
uated  at  levels  of  130-155  metres  above  the  sea.  In  the  lower 
jra-beds,  near  Fredrikshald  in  the  same  district,  4.5  species  of 
)llusca  are  known  ;  of  these  22  species  are  Arctic,  20  boreal,  and 
Lusitanian.  In  the  same  beds  near  Ghristiania,  at  110-140  m. 
ove  the  sea,  26  species  of  molhisca  are  known,  9  of  which  are 
tstic,  13  boreal,  and  4  Lusitanian. 

A  series  of  fossiliferous  clay -beds,  corresponding  with  the  Mya- 
da  of  the  higher  or  early  stages  of  the  uplift,  are  found  in  the 
iristiania  valley,  and  are  known  as  the  Mytilus-Gyprina-clays. 
;  Grornd  lower  and  younger  clays  occur,  containing  a  number 
southern  (Lusitanian)  species,  incbiding  Pholas  Candida,  Cardium 
ule,  etc. ;  they  are  known  as  the  oldest  Cardium-clays. 
From  differences  in  the  character  of  the  shell  beds  in  various 
3alities,  at  levels  corresponding  to  the  same  percentage  of  the  total 
►lift,  it  would  appear  that  the  elevation  of  the  region  began  earlier 
the  southern  peripheral  portions  once  covered  with  the  ice-sheet, 
d  continued  in  advance  of  that  of  the  central  portions,  at  least 
ring  the  first  half  of  the  uplift. 

[.    The  Post-Glacial  Shell  Beds  and  Clay  Deposits  of  the  Ghristiania 

Region. 

Shell  beds,  lower  and  younger  than  the  Mya-beds,  corresponding 
the  middle  period  of  the  uplift,  that  is,  from  40  to  66  per  cent, 
the  total  elevation  of  the  land,  are  somewhat  rare,  and  it  is 
9refore  difficult  to  fix  a  definite  boundary  between  the  late  Glacial 
d  the  post-Glacial  deposits,  but  it  is  probably  situated  at  a  level 
something  over  half  (50-60  per  cent.)  of  the  total  uplift. 
At  Bryn,  near  Ghristiania,  there  is  a  younger  Cardium -clay, 
rresponding  to  the  middle  period  of  the  uplift,  the  fauna  of  which 
a  been  described  by  Grosskey  &  Robertson.  It  contains  15 
ecies  of  mollusca,  only  1  of  which  is  Arctic,  whilst  7  are  boreal, 
d  7  Lusitanian  species.  The  beds  are  now  76-85  m.  above  the 
a,  and  the  shells  probably  lived  at  depths  of  20-30  m.  The  highest 
arine  shore-line  here  is  215  metres. 
During  the  later  stages  of  the  uplift  of  the  land,  \ie^a  oi  ^^% 
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and  clay  deposits  were  successively  formed  at  lower  levels;  the 
fauna  in  these  varies  in  the  direction  of  a  gradual  increase  of  boreal 
and  Lusitanian  species  and  the  disappearance  of  Arctic  forms.  Lists 
of  species  found  at  different  localities  are  given,  and  the  following 
grouping  has  been  adopted  by  the  author. 

The  uppermost,  Ostrea-beds,  which  come  next  below  the  level  of 
the  Cardium-clay,  contain  77  species  of  moUnsca,  of  which  -^  ars 
Arctic,  -A-  boreal,  and  i\  Lusitanian,  indicating  a  climate  nearly 
similar  to  the  present.  In  contemporaneous  clays  at  Jarlsberg  there 
are  remains  of  hazel,  oak,  fiu&tM,  Viola j  eta 

Next  younger  are  the  upper  Tapes-beds,  which  are  strikingly 
developed  at  Drobak  to  the  south  of  Christiania.  The  fauna  of 
these  beds  has  been  carefully  worked  out  by  Sars  and  others.  With 
few  exceptions  the  species  are  the  same  as  those  in  the  Ostrea-beds. 
The  commoner  genera  are  Tapes^  Ostrea,  Mytilus,  Aitarte,  Cardium, 
and  Liitorina.  Altogether  216  species  of  mollusca  have  been 
recorded  from  these  beds,  of  which  34  are  Arctic,  89  boreal,  and  93 
Lusitanian,  or  in  the  proportions  respectively  of  -f ,  f^,  -f .  The  species 
indicate  a  climate  notably  milder  than  at  the  beginning  of  the  post- 
Olacial  period,  and  probably  even  milder  than  the  present.  Shell 
beds  corresponding  to  these  Tapes-deposits  are  known  in  Sweden, 
along  the  shores  of  the  Cattegat,  in  Jutland,  also  along  the  Nor- 
wegian coast,  west  of  the  Christiania  fjord.  At  Jaaderen,  near 
Stavanger,  refuse  shell  heaps  or  *  kitchen  middens,'  of  the  older 
Neolithic  age,  have  been  found  at  levels  of  18  metres  above  the  sea, 
showing  that  the  flint  folk  lived  in  Norway  during  the  Tapes- 
period.  These  beds  have  also  been  traced  as  far  north  as  Vardii, 
where  they  contained  26  species  of  mollusca,  of  which  3  only  are 
Arctic,  11  boreal,  and  12  Lusitanian.  A  number  of  these  last  are 
now  extinct  in  that  region,  which  confirms  the  view  as  to  the 
mildness  of  the  climate  in  the  Tapes-period. 

Contemporaneous  with  the  littoral  Tapes-beds,  there  is  in  the 
Christiania  valley  a  widespread  clay  deposit,  probably  laid  down  at 
depths  of  15-40  metres,  known  as  the  Isocardia-clay,  after  its  leading 
fossil,  Isocardia  cor^  Liun.  Eighty-two  species  of  mollusca,  mostly 
the  same  as  those  in  the  Tapes-beds,  are  recorded  from  it,  together 
with  remains  of  oak,  fir,  birch,  and  hazel. 

Corresponding  with  the  final  stages  of  the  post-Glacial  elevation, 
there  are  a  number  of  littoral  shell  beds  known  as  the  lower  Tapes- 
beds,  spread  over  the  Christiania  region  at  levels  of  1-13  metres 
above  the  sea,  and  associated  with  them  are  clay-deposits,  named  the 
Scrobicularia-clays.  At  Barholmen,  near  Driibak,  these  beds  have 
yielded  124  species  of  mollusca,  of  which  18  are  Arctic.  53  lK)reaI. 
and  53  Lusitanian ;  thus  showing  an  important  immigration  of 
southern  forms  during  their  deposition.  At  Brevik  numerous 
species  of  foraminifera,  echinoderms,  eutomostraca,  etc.,  were 
determined  from  the  lower  Tapes-beds  by  Miinster,  whose  list  is 
quoted. 

The  Scrobicularia-clays  are  the  lowest  and  latest  post-Glacial  shell 
beds  in  the  Christiania  region ;  they  are  now  met  with  at  levels 
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from  slightly  above  to  slightly  below  the  sea.  The  beds  are  often 
brought  to  light  in  the  excavations  for  buildings  in  the  lower  part 
of  the  city  of  Christiania.  The  most  characteristic  species  is 
Scrobictdaria  piperata,  a  southern  form  which  extends  to  the  Medi- 
terranean. Though  still  living  off  the  west  coast  of  Norway  at 
depths  of  0-8  metres,  it  no  longer  inhabits  the  Christiania  fjord. 

The  total  number  of  species  in  this  youngest  post-Glaoial  deposit, 
including  the  Scrobicularia-clays,  is  245,  of  which  34  are  Arctic, 
102  boreal,  and  109  Lusitanian  species,  or  approximately  in  the^ 
proportions  of  -f,  f,  f.  The  Lusitanian  or  southern  element  has 
distinctly  increased  in  these  beds,  both  by  the  introduction  of  new 
species  and  the  predominance  of  others. 

The  living  moUuscan  fauna  of  the  Christiania  fjord  comprises  268 
species,  as  against  255  species  in  the  post-Glacial  fauna ;  210  species 
are  common  to  both.  Forty-five  post-Glacial  species  have  not  as  yet 
been  met  with  living  in  the  Christiania  fjord,  whilst  53  species  now 
living  in  the  IQord  are  not  known  in  the  post-Glacial  beds  of  the 
region.  A  significant  number  of  the  Lusitanian  forms  of  the  post- 
Glacial  beds  have  disappeared  from  the  fjord  and  the  nearest  portions 
of  the  Norwegian  coast,  even  after  the  land  had  been  elevated  to  its 
present  level.  Amongst  those  in  the  existing  fauna  and  not  known 
in  the  post-Glacial  deposits,  there  are  several  Arctic  species  which 
apparently  have  migrated  to  Scandinavia  from  the  northern  part 
of  the  American  continent,  where  they  still  live ;  they  are  unknown 
in  the  Polar  Sea  to  the  north  of  Asia.  This  shifting  of  species 
shows  that  the  boreal  element  id  more  prominent  in  tbo  present 
fauna  of  the  fjord  than  during  the  latest  post-Glacial  time,  when  the 
climate  also  seems  to  have  been  2°  C.  warmer  than  at  present. 

There  is  no  conclusive  evidence  in  the  Christiania  district  of 
a  depression  corresponding  to  the  Ancylus  or  Littorina  depression 
of  the  Baltic  basin.  In  some  localities  a  deposit  of  warm,  com- 
paratively shallow -water,  post-Glacial  clay  (Isocardia-clay  as  a  rule) 
rests  unconformably,  with  a  sharply  defined  junction-plane,  on  the 
cold  deep-water  Area-clay,  from  the  upper  surface  of  which  boulders 
project  to  which  balani  and  oysters  are  attached,  indicating  that 
this  surface  cannot  have  been  elevated  and  exposed  to  atmospheric 
erosion  before  the  post-Glacial  clay  was  laid  down  over  it.  Some 
of  the  recorded  occurrences  of  clays  of  deep-water  origin  intervening 
between  shallow-water  shelly  sands  may  have  originated  by  the 
sliding  down  of  clay -beds  from  higher  levels  of  valley  slopes, 
instances  of  which  are  not  uncommon. 

At  the  end  of  the  book  a  table  is  given  showing  the  changes  of 
level,  the  variations  in  the  molluscan  fauna,  and  in  the  climate  of  the 
Christiania  region  from  the  Yoldia-clay  of  the  ra  period  to  the 
present,  and  this  is  followed  by  a  list  of  species  of  all  the  known 
shell-bearing  mollusca  in  the  late  Glacial  and  post-Glacial  deposits, 
showing  their  distribution  in  the  different  periods. 

In  concluding  this  notice  we  desire  to  call  attention  to  the 
admirable  way  in  which  the  mollusca,  so  fully  treated  m  Wi^  "w^^. 
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have  been  illustrated.  To  awaken  the  interest  of  the  student  and 
stimulate  fresh  observations,  the  author  has  given  in  the  nineteen 
plates,  and  partly  also  in  the  text,  figures  of  all  the  speoies  of  moUnsot 
hitherto  known  from  the  late  GlaouJ  and  post-Glaoial  deposits  of  the 
Ohristiania  region,  and  these  have  been  excellently  and  faithfully 
drawn  by  Froken  Sigfrid  Bergh,  the  artist  to  the  University  of 
Ohristiania.  The  geologists  of  this  country  and  elsewhere,  to  whom 
Norse  is  an  unknown  tongue,  will  also  muoh  appreciate  the  full 
summary  in  English  of  the  contents  of  the  work,  extending  over 
'  ^  pages,  which  the  author  has  prepared.  O.  J.  H. 
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L— April  30th,  1902.— Professor  Charles  Lapworth,  LL.D.,  F.R.S., 

President,  in  the  Chair. 

Mr.  J.  E.  Marr  exhibited  some  specimens  from  a  metamorphosed 
metalliferous  vein  several  inches  wide,  which  he  had  discovered  in 
the  basic  andesites  near  the  Shap  Granite,  in  a  quarry  close  to  the 
high  road,  north  of  the  spot  where  it  crosses  Longfell  Gill. 

The  minerals  of  the  vein  include  quartz,  calcite,  garnet,  epidote, 
hornblende,  galena,  iron-pyrites,  and  copper-pyrites.  Some  of  the 
garnets  are  about  an  inch  in  diameter.  The  epidote  and  the  horn- 
blende tend  to  form  distinct  bands  on  the  margin  of  the  vein.  The 
other  metamorphic  phenomena  recall  those  described  by  the  exhibitor 
and  Mr.  Alfred  Barker,  in  the  case  of  large  vesicles  occurring  in  the 
same  rocks. 

The  specimens  are  of  interest  as  showing : — 

(i)  The  existence  of  metalliferous  Teins  in  Ordovician  rocks  which  hare  been 
formed  in  pre- Carboniferous  times,  for  the  Shap  Granitt;  which  has  produced  the 
alteration  is  itself  pre-Carboniferous. 

(ii)  The  alteration  of  a  metalliferous  vein  of  complex  composition  by  pvro- 
metamorphism,  an  occurrence  which  the  exhibitor  believed  had  not  previously  oeen 
recorded. 

(iii)  The  possibility  that  some  of  the  hi<;hly  crystalline  rocks  of  a  complex 
of  re^onally  metamorphosed  rocks  may  owe  their  characters  to  hydrothermal 
action  havinj?  formed  veins  along  the  parallel  divisional  planes  of  pre-existini^ 
rocks,  tliene  voins  having  been  subsequently  altered  by  pyrometamorphism. 

The  following  communications  were  read  : — 

1.  *'  The  Origin  and  Associations  of  the  Jaspers  of  South-Eastero 
Anglesey."     By  Edward  Greenly,  Esq.,  F.G.S. 

Bed  jasper  and  jaspery  phyllite  are  widely  distributed  in  the 
southern  and  south-eastern  parts  of  Anglesey,  in  the  districts  of 
Newborough,  Peutraetb,  and  Beaumaris.  They  are  associated  with 
limestones,  diabases,  serpentines,  and  with  grits  and  shales.  They 
have  been  much  modified  by  earth-movements,  which  have  produoeii 
brecciated  and  schistose  structures;  but  where  original  structures 
have  survived,  the  true  relations  of  the  rocks  can  often  be  seen. 
The  diabases  have  the  same  characters  as  the  pillowy  and  variolitic 
rocks  so  often  associated  with  radiolarian  cherts  and  jaspers  in  many 
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•arts  of  the  world,  and  at  several  dififerent  geologioal  horizoiui ;  and 
lie  relationships  of  the  jaspers  and  igneous  rooks  resemble  those 
een  in  the  radiolarian  oherts  of  Soathem  Scotland.  It  is  inferred 
bat  the  jaspers  are  altered  radiolarian  cherts.  The  evidence  for  the 
ge  of  the  group  is  incomplete.  There  is  not  sufficient  evidence  to 
efer  it  to  the  Arenig  Series,  and  it  is  possible  that  it  belongs  to  an 
Itogether  different  period.  Its  relation  to  the  crystalline  schists 
f  the  region  is  obscured  by  conflicting  evidence:  one  chain  of 
easoning  leads  to  the  view  that  the  group  is  older  than  the 
chists,  and  has  been  involved  in  their  metamorphism ;  while 
AOther  gives  strong  reason  for  supposing  that  it  is  of  later  date. 

2.  *'  The  Mineralogioal  Constitution  of  the  Finer  Material  of  the 
hunter  Pebble-Bed  in  the  West  of  England."  By  Herbert  Henry 
Thomas,  Esq.,  B.A.,  F.G.S. 

Specimens  were  collected  at  intervals,  from  Budleigh  Salterton, 
Q  Devon,  to  Fitzhead  near  Milverton,  in  Somerset,  and  other  sands, 
or  comparison,  were  taken  from  the  red  rooks  above  and  below. 
Ifter  treatment  with  acids,  to  remove  iron-oxides,  the  sands  were 
eparated  by  heavy  liquids  into  three  parts : — 

(a)  Heary  residue  :  8i)ecific  graTity  oxceeding  2*8. 

{b)  The  bulk  of  the  quartz. 

(e)  The  lighter  part,  with  most  of  the  alkali -felspar. 

The  sands,  on  tbe  whole,  contain  a  very  small  percentage  of 
ainerals  with  a  specific  gravity  of  more  than  2*8  ;  while  the  pro- 
portion of  material  over,  to  that  under,  2*58  is  about  70  or  80  to  30 
•r  20  per  cent.  A  list  and  description  of  twenty  minerals  found  in 
he  sands  is  given,  with,  in  some  instances,  the  chief  characters  by 
irhich  they  were  identified.  The  compound  grains  include  felsite, 
uartzite,  chert,  shimmer- aggregates,  leucoxene,  and  other  decom- 
K)Biti  on -products.  The  gradual  decrease  in  the  percentage  of  heavy 
linerals  from  Budleigh  Salterton  to  Ufibulm  indicates  the  carriage 
•f  sediment  by  a  southerly  current,  and  this  view  is  strengthened 
>y  the  decrease  in  staurolite  and  a  gradual  diminution  in  the  size  of 
he  tourmaline-grains.  The  increase  in  proportion  of  heavy  grains 
rem  Uffculm  to  Milverton,  and  the  further  decline  northward, 
ogether  with  the  incoming  of  an  assemblage  of  minerals  markedly 
lifferent  from  the  normal  southerly  type,  indicates  an  additional 
ource  of  supply,  perhaps  a  westerly  current.  The  mass  of  material 
eems  to  have  been  furnished  by  a  highly  metamorphosed  area, 
liffering  widely  in  its  character  from  any  now  exposed  in  the 
outh-west  of  England.  The  moat  probable  source  of  much  of 
he  material  is  the  Armorican  massif  of  Triassic  times. 

3.  **  Revision  of  the  Phyllocarida  from  the  Chemung  and  Waverly 
groups  of  Pennsylvania."  By  Professor  Charles  Emerson  Beecher, 
i^h.D.,  F.C.G.S. 

The  speciuiens  described  in  the  paper,  as  well  as  those  on  which 
he  original  descriptions  were  based,  were  all  obtained  in  the  vicinity 
if  Warren,  Philadelphia.  The  chief  horizon  is  in  the  shale-beds  of 
he  Upper  Chemung  Group,  about  50  feet  above  mean  water-level 
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in  the  Allegheny  River.  The  deposits  are  called  by  the  writer  the 
'  Phyllocarid  Beds.'  Additions  and  emendations  to  the  original 
diagnoses  of  the  following  genera  and  species  are  given :  JSkawM- 
carts  socialis,  Beecher ;  Tropidocaris,  Tr.  bicarinata,  Beecher,  TV. 
altemata,  Beecher ;  Mymocaris,  E.  siliqua,  Beecher ;  and  two  new 
species  of  Echinocaris  are  described. 

IL—May  14th,  1902.— Professor  Charles  Lapworth,  LL.D.,  F.B.8., 

President,  in  the  Chair. 

The  President  referred  in  feeling  terms  to  the  recent  calamitouB 
occurrences  in  the  West  Indies,  and  to  the  geological  interest  of  the 
phenomena.  The  Council  had  been  considering  in  what  way  they 
could  best  give  expression  to  the  sympathy  of  the  Fellows,  both 
with  our  own  Colonies  and  with  their  French  neighbours,  and  had 
requested  Sir  Archibald  G^ikie  and  himself  to  act  as  they  thought 
best  in  the  matter. 

Professor  Boyd  Dawkins  moved  that  the  Fellows  express  their 
sympathy  with  the  sufferers  in  the  two  islands,  and  approve  the 
action  taken  by  the  Council. 

Mr.  H.  W.  Monckton  seconded  the  motion,  which  was  carried. 

The  following  communications  were  read  : — 

1.  *'0n  Pliocene  Glacio-Fluviatile  Conglomerates  in  Subalpine 
France  and  Switzerland."  By  Charles  S.  Du  Riche  Preller,  M.A., 
Ph.D..  A.M.I.C.E.,  M.I.E.E.,  F.G.S. 

In  a  paper  read  before  the  Society  in  1896  the  author  described 
a  variety  of  Deokenschotter  deposits  above,  near,  and  below  Zurich, 
which,  occurring  both  on  the  hills  and  at  low  levels  of  the  valleys 
of  that  district,  tended  to  the  conclusion  that  at  the  time  of  their 
formation,  towards  the  end  of  the  Pliocene  Period,  the  principal 
valleys  and  lake-basins  of  Subalpine  Switzerland  were  already 
eroded  approximately  to  their  present  depth. 

Further  examination  has,  however,  led  him  to  recognize  that  the 
low-level  deposits,  although  in  many  respects  not  unlike  Deoken- 
schotter, are  the  products  of  the  younger  or  Pleistocene  glaoiation, 
and  that  only  the  deposits  in  sitH  on  the  ridge  of  the  hills  can  be 
referred  to  the  Pliocene  glaciation  of  the  Alps. 

In  the  present  paper  the  author  describes  a  number  of  further 
deposits  of  typical  Deokenschotter  conglomerate  recently  examined 
in  the  Aare  and  Rhine  valleys,  near  the  confluence  of  those  rivers, 
and  shows  that  these,  in  conjunction  with  the  Deokenschotter 
deposits  of  the  Zurich  district,  indicate  the  almost  unbroken  outline 
of  a  Subalpine  Deokenschotter  cone,  which  extended  from  the  base 
of  the  Alps  in  a  north- westerly  direction  over  a  distance  of  about 
25  miles,  and  was  formed  by  the  waters  of  the  retreating  Rhine 
(Western)  glacier  and  its  affluents  on  a  molasse  plateau,  the  upper 
and  lower  ends  of  which  were  at  the  contours  of  900  metres  and 
600  metres  respectively. 

He  further  describes  a  series  of  Deckenschotter  deposits  examined 
in  the  Rhone  Valley  between  Lausanne  and  Lyons,  including  the 
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ctensiTe  plateau  of  the  Dombes,  east  and  north  of  Lyons,  oom- 
osed  of  marine  marl  overlain  by  the  characteristio  conglomerat 
>rragineuz,  which  some  French  geologists  still  regard  as  pre- 
rlacial  and  others  as  Quaternary,  but  which  is  typical  Deoken- 
shotter,  and  in  the  full  acceptation  of  the  term  an  alluvion  des 
lateauz.  llie  deposits  thus  described  afiford  proof  of  the  existence, 
i  Upper  Pliocene  times,  of  an  extensive  alluvial  cone  about 
OO  miles  in  length,  which  reached  from  Lausanne  (probably  even 
x>m  the  base  of  the  Alps)  to  Lyons,  and  was  formed  by  the  waters 
f  the  retreating  Bhone  and  Arve  glaciers  on  a  Molasse-and-marl 
lateau,  the  altitude  of  which  above  sea-level  was  800  metres  near 
Ausanne  and  300  metres  near  Lyons. 

From  this  concun*ent  evidence  in  Northern  Switzerland  and  in 
le  Rhone  Valley,  the  author  is  led  to  conclude — 

(1)  That  at  the  time  of  the  deposition  of  those  alluvial  cones,  the 
rincipal  Subalpine  valleys  and  lake-basins  could  not  as  yet  have 
cisted  in  their  present  form  or  depth,  and  must  have  been  from 

00  to  200  and  400  metres  higher ;  and 

(2)  That  the  Subalpine  valleys  were  eroded  to  their  present  depth 

1  the  course  of  the  inter-Glacial  Period — now  recognized  to  have 
een  of  very  long  duration — between  the  Pliocene  and  the  Middle 
leistocene  (or  maximum)  glaciations,  and  that  the  Subalpine  lake- 
asins  were  formed  in  the  same  period  by  the  contemporaneous 
3tion  of  fluviatile  erosion  and  of  a  zonal  settling  along  the  base 
f  the  Alps  after  these  had  been  raised  by  horizontal  pressure. 

2.  "  Overthrusts  and  other  Disturbances  in  the  Braysdown 
olliery  (Somerset),  and  the  Bearing  of  these  Phenomena  upon  the 
Ififects  of  Overthrust  Faults  in  the  Somerset  Coalfield  in  general." 
y  Frederick  Anthony  Steart,  Esq.  (Communicftted  by  Horace  B. 
Woodward,  Esq.,  F.R.S.,  F.G.S.) 

This  coalfield,  although  covered  by  comparatively  undisturbed 
econdary  rocks,  is  in  part  the  most  disturbed  and  contorted  of 
lose  known  and  worked  in  the  United  Kingdom.  It  is  seldom,  in 
)me  parts  of  it,  that  one  sees  200  yards  of  coal  without  a  fault 
r  other  disturbance.  The  *  Radstock  Seams '  of  the  Upper  Coal- 
leasures  at  Radstock  are  traversed  by  a  huge  *  overlap  fault,' 
'hich  thrusts  them  forward  for  a  great  distance;  this  runs  nearly 
ist  and  west,  and  has  parallel  to  it  two  smaller  overthrusts.  In 
DC  of  them  the  coal  at  first  dips  towards  the  thrust,  then  it  thickens 
•om  2  to  6  or  8  feet,  next  it  becomes  inverted,  and  eventually 
3gains  its  former  character.  The  continuity  of  the  coal  has  been 
roved  in  the  case  of  three  of  the  coal- veins.  As  there  is  practically 
le  same  sequence  of  strata  on  both  sides  of  the  fault,  it  is  con- 
luded  that  the  *  overthrusts  '  did  not  take  place  till  all  the 
3al-seams  of  the  Radstock  Series  had  been  deposited.  The  areas  of 
lead  ground,'  sometimes  considered  to  bo  wash-outs,  are  probably 
Iso  the  result  of  movement.  The  areas  occur  near  faults,  frequently 
ike  a  course  parallel  to  overthrust  faults,  and  at  their  margins 
le  coals  are  often  reduplicated.     '  Dead  ground  '  is  usually  found 
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only  in  those  seams  which  lie  on  a  floor  of  soft  black  shale,  and 
sometimes,  instead  of  dead  ground,  there  are  large  areas  with  v^ 
thin  coal.  The  flat  roofs  of  coal-seams  in  the  dead  ground  an 
invariably  striated.  The  author's  theory  is  that  all  these  effecU 
have  been  caused  by  the  gradually  increasing  movement  of  the 
strata  from  the  top  seam  or  '  Oreat  Vein '  to  the  bottom  seam  or 
'Bull  Vein.'  The  coal-seams  nearly  always  thin  from  thttr 
undersides  upward,  as  though  the  floor  had  moved  farther,  or  at 
a  greater  rate,  than  the  roof. 


UL— May  28th,  1902.— Professor  Charles  Lapworth,  LL.D.,  F.B.&, 

President,  in  the  Chair. 

The  President  reported  that  in  consonance  with  the  reaolution 
passed  at  the  previous  meeting  of  the  Fellows,  he  and  Sir  Archibald 
Oeikie  had  forwarded  a  letter  to  the  French  Minister  of  the  Colonies 
and  H.M.  Secretary  of  State  for  the  Colonies,  expresaive  of  the 
sympathy  of  the  Greological  Society  with  the  sufferers  from  the 
volcanic  catastrophes  in  Martinique  and  St.  Vincent. 

The  Secretary  read  the  following  letter  regarding  the  recent  fall 

of  volcanic  ash  in  Barbados,  and  reported  that  the  thanks  of  the 

Council  had  been  conveyed  to  the  writer : — 

*'  Imperial  A<^icultiiral  Department  for  the  West  Indies,  Barbadon. 

9M  Mayy  1902. 

**  Deau  Sir, — I  am  seiidiuj:  you  by  this  mail  a  small  quantity  of  the  volcanic  a^h 
that  tell  at  Barbados  soon  atter  the  volcanic  erui)tion  at  St.  Vincent  on  WednesdaT 
last.  1  am  also  .suiuiiuj:  vou  newspaper  reports,  and  you  will  obtain  practically  all 
particuIarH  from  tliem.  'tiierc  is  a  note  about  the  tu^h  in  the  Agricultural  Xewt, 
givin<^  an  estimate  of  thu  ()uantity  per  acre  that  tell  in  tliL»  island.  It  is  singular  that 
the  circumstances  C(>m:-<pt)iHl  so  exactly  with  what  t<x)k  place  in  1812.  Fortunately* 
•within  four  liours  alter  th(»  tall  of  the  ashes,  we  have  had  drenchinp  showers  which 
have,  t(>  a  jp*eat  extent,  was-hcd  the  ashes  from  the  roofs  of  the  dwellings  and  ln>m 
vegetiitiou,  and  also  laid  the  dust  which  during  yesterday  was  most  trying  and 
uncomfortable.  Tlio  road-*  are  still  covered  with  a  sandy  coating,  which  is  not  at  all 
muddy  or  sticky.  Naturally  the  chemical  composition  ol  the  ash  is  of  great  interest 
tt)  the  planters,  as  it  may  have  an  appreciable  effect  on  next  year's  crops.  Tlie  old 
canes  have  nearly  all  been  reaped,  and  the  young  canes  are  in  such  a  condition  that 
they  should  largelv  ])euelit  by  any  fi.'rtilizing  properties  that  may  be  in  the  ash.  In 
the  case  of  the  a>li  that  lell  in  1812,  Davy  is  said  to  have  found  it  to  contain  silex, 
alumina,  oxide  ol  irou,  and  oxide  of  manganese.  I  noticed  that  the  ash  at  tirst  wa* 
rather  coarse  and  i»f  a  brownish  colour,  then  it  l)ecamo  slightly  redder,  while  the  final 
deposits  consisted  of  u  whitish -grey,  impalpable  powder.  I  shall  send  you  any  further 
particulars  that  may  come  to  luiud. — ^^  ith  kind  wishes,  believe  me, 

'*  Sincerely  vours, 
**The  Secketauy,  Geological  Society,  (Signed)  1).  Mokkis. 

Bnrlitujton  Honse^  riccndilbj,  Lotidon.^* 

Professor  W.  Boyd  Dawkins  exhibited  a  series  of  photographs  and 
speciniens  of  sand-worn  pebbles  collected  by  Lady  Constance  Enox 
in  New  Zealand.  The  district  in  which  the  specimens  occur  u 
near  the  coast  of  North  Island,  in  the  neighbourhood  of  the  Biver 
Waitotara,  from  a  tableland  about  250  feet  above  sea-level. 

**  On  the  tabhilaud,  above  high  cliffs,  are  rolling  saud-dunes,  which  are  contiuu-olly 
shiftin":  with  every  storiii,  and  extend  for  several  miles  along  the  coast  ;  among  them 
are  to  bo  found  interesting  kitchen -middens.  Diix^ctly  inland  from  the  sand-dum*!*  i^ 
the  district  covered  with  saud-woni  stones,  extending  over  an  area  ot  some  mile*. 
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it  first  these  stones  are  few  and  scattered,  but  they  are  fuund  to  increase  in  number 
B  one  approaches  the  Waitotara  Kivur.  l^rojecting  from  the  surface  are  masses  of 
tratiiiea  rock,  composed  of  shell-conglomerate:  these  also  havebeen  worn  by  the  wind.*' 

llie  followiug  oommunicatious  were  read  : — 

1.  *'The  Ked  Sandstone  Books  of  Peel  (Isle  of  Man)."  By 
J^illiam  Boyd  Dawkins,  M.A.,  D.Sc.,  F.B.S.,  F.G.S.,  Professor  of 
Geology  in  Owens  College  (Yiotoria  University),  Manchester. 

The  Bed  Sandstone  Series,  ranging  along  the  coast  from  Peel  to 
Yill's  Strand,  is  faulted  into  the  Ordovician  massif  of  the  Isle  of 
lian.  It  has  been  referred  to  the  Old  Bed  Sandstone,  the  Calciferous 
landstone,  the  basement  Carboniferous,  and  to  the  Permian.  The 
eries  consists  of  red  sandstones  containing  irregular  conglomerates 
jid  breccias,  more  or  less  chemically  altered,  known  in  the  Lake 
>i8trict  as  '  Brookram.'  Sections  at  Ballagnane,  Creg  Mai  in,  and 
.t  the  Gob  and  Traie  Fogog  are  described  in  detail ;  the  rocks  are 
ilassified,  and  their  range  to  the  north-east  and  inlcmd  is  described, 
t  is  pointed  out  that  the  rocks  are  di£ferent  in  many  respects  from 
be  basement  Carboniferous  rocks  of  Langness  and  elsewhere,  and 
k  list  of  the  materials  contained  in  the  '  Brookrams '  is  given.  All 
hese  materials  have  been  derived  from  rocks  similar  to  those  which 
orm  the  Lower  Carboniferous  Series  in  the  Lake  District,  with  the 
zception  of  one  or  two  types  which  might  belong  to  any  other 
»ebble  beach.  The  fossiliferous  pebbles  in  the  rocks  in  question  are 
lescribed,  and  their  fossil  contents  determined.  The  whole  group 
f  fossils  is  Lower  Carboniferous  and  Ordivician,  and  centres  mainly 
Q  the  Carboniferous  Limestone.  A  comparison  is  instituted  with 
he  Permian  rocks  of  Barrowmouth,  the  Vale  of  Eden,  and  elsewhere. 
lie  rocks  are  much  sheared  and  faulted :  the  planes  of  shearing 
Qtersect  the  bedding-planes,  and  divide  the  rock  into  lenticular  and 
liamond-shaped  masses,  which  are  scored  and  slickensided.  The 
arth-movement  to  which  this  is  due  took  place  in  the  interval 
between  the  latest  Palaeozoic  and  earliest  Mesozoic  deposits.  The 
ron  in  the  rocks  was  probably  derived  from  the  destruction  of  the 
Carboniferous  shales. 

2.  "  The  Carboniferous,  Permian,  and  Triassic  Kocks  under  the 
Jlacial  Drift  in  the  North  of  the  Isle  of  Man."  By  William  Boyd 
)awkin8,  M.A.,  D.Sc,  F.R.S.,  F.G.S.,  Professor  of  Geology  in  Owens 
College  (Victoria  University),  Manchester. 

The  whole  of  the  Isle  of  Man,  north  of  n  line  drawn  due  west 
rom  Ramsey,  is  covered  with  a  thick  mantle  of  Glacial  Drift.  South 
f  this  line  rises  the  ice- worn  Ordovician  massif.  Six  borings  carried 
ut  under  the  advice  of  the  author  have  elucidated  the  geological 
tructure  of  the  Drift-covered  area.  Tho  borings  at  Lhen  Moar, 
^allawhaue,  Knock-e-Doony,  Ballaghenny,  and  two  at  the  Point 
f  Ay  re  are  described  in  detail,  and  the  rocks  classified.  The  first 
bows  Carboniferous  Limestone  under  Drift ;  the  second  and  third, 
Mas,  Permian,  Yoredale,  and  Carboniferous  Limestone  ;  the  fourth, 
?rias,  Permian  (thin),  and  Yoredale  ;  the  fifth  and  sixth,  Trias,  with 
jpsum  and  76  feet  of  rock-salt.     The  rocks  all  dip  \tv.  waXwx^X  otvi^>: 
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towards  the  north,  and  constitute  a  plateau  of  marine  erosion  b 
to  the  north  and  east,  covered  with  Drift,  which  is  in  places  n 
than  450  feet  thick. 

3.  **  Note  on  a  Preliminary  Examination  of  the  Ash  that  f 
Barbados,  after  the  Eruption  at  St  Vincent  (West  Indies).' 
John  Smith  Plett,  M.A.,  D.Sc,  F.B.S.B.,  F.G.S.  With  an  Ai 
of  the  Dust  by  William  Pollard,  M.A.,  D.Sc,  F.G.S. 

Two  samples  of  the  material  were  sent  by  Dr.  D.  Morris, 
Imperial  Agricultural  Department  for  the  West  Indies,  to  Pn 
J.  W.  Judd,  who  forwarded  them  to  the  Director  of  the  M 
of  Practical  (Jeology.  The  fine  grey  powder  is  gritty  to  the 
and  it  all  passed  through  a  sieve  with  30  meshes  to  the  inc 
contains  plagioclase  -  felspar  (generally  idiomorphic  labrai 
coated  with  a  thin  film  of  glass,  hypersthene  and  mon< 
brownish  augite,  both  frequently  in  perfect  crystals,  mag 
apatite,  possibly  zircon,  and  fragments  of  a  brown  glass.  I 
the  finest  d6bri8  there  is  much  felspar  in  the  form  of  minute 
The  perfect  crystalline  form  of  many  of  the  constituents  of  tl 
and  the  small  amount  of  glass  adherent  to  them,  indicate  that 
time  of  projection  the  glassy  magma  must  have  been  very  flai 
it  must  have  been  to  a  large  extent  wiped  off  the  crystals  by  fi 
From  Dr.  Morris's  account  the  minerals  of  high  specific  ( 
appear  to  have  fallen  first ;  the  order  being  magnetite  and  pyr 
first,  next  the  felspars,  and  finally  the  glass  threads  and  i 
felspar  debris.  Dr.  Pollard's  analysis  is  as  follows : — Si  0^= 
Ti O,  =  -95,  Al, 0,  =  18-79,  Fe, 0,  =  328,  Fe 0  =  4-58,  Mn 0 
(Co  Ni)  0  =  07,  Ca  0  =  9-58,  Mg  O  =  519,  K,  0  =  -60,  Na,  O  = 
Pj O3  =  -15,  S Os  =  -33,  CI  =  14,  H, 0  =  -37  ;  total  10035. 


OOI^I^ES:E^OIsr3DEIsrG£3. 

FIGURES   OP   CAMPYLOPRIOX,   PLATE  VIII. 

Sir, — Owing  to  my  not  having  had  the  opportunity  to  see 
of  illustrations  for  my  article  on  Campyloprion  in  the  April  n 
of  the  Magazine,  a  slight  error  occurred  in  designating  their  s 
reduction.  Figs.  1  and  2  of  Plate  VIII  are  reduced  to  about 
sevenths  natural  size,  and  Fig.  3  in  the  text  is  of  the  i 
size.  In  the  Explanation  of  Figures  on  p.  152,  the  fusee 
of  Campyloprion  are  stated  to  be  '*  supported  at  their  ba 
a  band  of  calcified  cartilage."  This  should  be  underst< 
an  inference  drawn  from  analogy,  and  not  as  implying  it 
basal  parts  of  the  segments  in  this  genus  or  in  Edestus 
calcified  cartilage,  when  they  have  been  well  ascertained  to 
of  vasodentine.  C.  R.  East 

Museum  of  Compakative  Zoology, 
Camlridge,  Mass. 
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VON  ZITTEL'S  HISTORY  OF  GEOLOGY. 

Sib, — I  am  one  of  those  who  in  consequenoe  of  your  notice  in  the 
April  number  at  once  sent  for  the  translation  of  Von  ZitteVs 
History  of  Geology,  etc.  I  read  it  with  avidity,  and  can  endorse 
all  that  was  said  about  the  book.  Specially  was  I  interested  in 
the  masterly  manner  in  which  the  subject  of  metamorphism,  the 
discussion  on  the  Cambrian  and  Silurian  systems,  the  JSozoon 
Canadense,  the  North-West  Highlands  of  Scotland,  and  the 
unravelling  of  the  Alpine  strata  were  treated,  with  the  various 
points  still  open  for  investigation. 

There  are,  however,  on  p.  159,  which  contains  statements  as 
to  the  diameter  of  the  planets,  and  on  p.  168,  where  the  thickness 
of  the  solid  crust  of  the  earth  is  dealt  with,  also  on  p.  300,  where 
the  shortening  of  the  earth's  radius  is  mentioned,  figures  given 
which  I  do  not  understand.  The  writer  or  the  translator  must  have 
had  some  modulus  of  dimension  in  mind  different  from  any  of  those 
stated  in  the  text.  It  would  be  well  before  a  second  edition  is  pro- 
daoed  that  these  points  should  be  reconsidered. 

The  following  are  the  clauses  remarked  upon  : — 

Page  159  :  "  Of  the  six  planets  that  were  known  in  early  astrology, 
Mercury  is  nearest  the  sun  in  position,  and  has  itself  a  diameter  of 
648  miles ;  Venus  (diam.  1,613  miles)  follows  Mercury,  then  the 
Earth  (diam.  1,719  miles),  then  Mars  (diam.  909  miles),  Jupiter 
(diam.  19,000  miles),  and  Saturn  (diam.  1(5,675  miles).  Herschel  in 
1780  discovered  on  the  farther  side  of  Saturn  the  planet  Uranus  with 
a  diameter  of  about  8,000  miles,  and  Leverrier  in  1S4G  discovered 
by  mathematical  calculation  the  outermost  planet,  Neptune,  with 
four  and  a  half  times  the  diameter  of  the  Earth." 

The  ordinary  textbooks  give — Mercury,  2,000  miles  diameter ; 
Venus,  7,600;  Earth,  7,928;  Mars,  4,430;  Jupiter,  86,000 ;  Saturn, 
76,246  ;  Uranus,  32,000 ;  Neptune,  3o,000. 

Page  168 :  **  Hopkins  calculated  that  the  solid  crust  of  the  earth 
had  a  thickness  of  about  i  or  I  of  tlie  earth's  diameter,  that  is,  at 
least  172  to  215  geographical  miles." 

Page  300 :  "  Delesse  had  calculated  1,340  metres  as  the  amount 
by  which  the  earth's  radius  had  already  been  shortened  ;  in  other 
words,  the  earth's  crust  in  the  course  of  the  geological  epochs  had 
approached  the  earth's  centre  by  a  distance  about  equal  to  the 
height  of  Chimborazo  or  the  Himalayas  above  sea-level." 

TnOMAS    M.    ElCKMAN. 
8,  Montague  Street,  Russell  Square,  W.C. 

M(if/  ;n,  1902. 


THE    LIMITS    OF    LEGITIMATE    SPECULATION    AT    THE 

GEOLOGICAL    SOCIETY. 

Sib, — Early  in  1900  I  submitted  to  the  Geological  Society  a  short 
paper  on  Bala  Lake  and  the  rivers  of  North  Wales,  in  which 
I  attempted  to  show  that  the  great  valleys  which  run  through 
North   Wales   from   north-east   to   south-west  had  pto\i^\^'  \iQi^\x 
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formed  by  earth-movements,  and  had  prodaoed  a  great  effect  npoa 
the  river-system.  In  the  discussion  which  followed  this  view  wsf 
severely  criticized  by  Mr.  Strahan,  and  was  characterised  by  him  ai 
highly  speculative. 

A  few  months  ago  Mr.  Strahan  read  at  the  Oeological  Society 
a  paper  on  the  rivers  of  South  Wales ;  and  in  this  he  makes  ths 
suggestion,  quite  as  if  it  were  new,  that  the  north-east  to  soath- 
west  valleys  are  due  to  earth- movements,  and  that  the  complicationf 
of  the  drainage  system  have  been  produced  by  these  movements. 

My  paper  was  rejected  by  the  Council'  as  too  speculative: 
Mr.  Strahan's  has  just  been  published  in  the  Quarterly  Journal. 

To  those  Fellows  who  are  not  familiar  with  Bnrlington  House, 
I  commend  a  comparison  of  these  two  papers. 

Philip  Lass. 


MR.   STRAHAN  AND  SOME  ENGLISH  RIVERS. 

Sir, — In  his  suggestive  paper  "  On  the  Origin  of  the  River  System 
of  South  Wales,  etc.,*'  in  the  recently  published  May  number  of  tlie 
Quart.  Journ.  Geol.  Soc,  Mr.  Strahan  states  (pp.  219-220)  that 
''  The  [Chalk-]  escarpment,  in  that  part  of  it  which  extends  from 
Dorset  to  the  borders  of  Hertfordshire,  diverges  from  the  water- 
parting  three  times,  namely,  in  the  Vales  of  Wardour  and  Pewsey 
and  in  the  valley  of  the  Upper  Thames.  In  all  these  cases,  rivers 
rising  in  the  low-lying  Oolitic  region  flow  eastward  against  the 
general  run  of  the  country,  and  make  their  way  through  the 
Chalk-escarpment  to  the  Thames  or  Frome.  Tlie  explanation  did 
not  escape  Ramsay.  Their  courses  were  initialed  upon  an  eastward 
slope  of  Chalk,  and  the  distance  from  their  sources  to  the  existing 
escarpment  is  n  measure  of  the  recession  of  the  escarpment  since 
the  initiation.** 

With  respect  to  this  passage  (in  which  the  italics  are  mine) 
I  should  like  to  point  out  (1)  that  the  river  running  eastward 
through  the  Valo  of  Pewsey  does  not  rise  **  in  the  low-lying  Oolitic 
region,"  but  in  a  tract  of  Chalk  and  Upper  Greensaud  to  the  east 
of  and  some  200  feet  above  it.  (2)  That  inasmuch  as  the  rivers 
traversing  the  Vales  of  Wardour  and  Pewsey  follow  the  axes  of 
minor  east-west  anticlinal  folds,  they  are  to  be  regarded  rather  as 
longitudinal,  autogenetio  branches  of  the  north-south  Salisbury 
Avon,  than  as  primary,  or  consequent,  eastward  streams  of  the 
Upper  Thames  class.  Unlike  the  Upper  Thames,  the  Rennet- 
Thames,  or  the  Frome,  wliich  follow  the  slopes  of  constructional 
troughs,  these  streams  (i.e.  the  Nadder  and  Upper  Avon)  can  only 
have  come  into  existence  after  prolonged  denudation  of  the  folds 
on  wliich  they  are  situated.  It  is,  therefore,  scarcely  probable  that 
their  present  sources  were  determined  by,  or,  indeed,  are  in  any 

'  I  owe  it  to  the  Geological  Magazine  that  the  article  subsequently  saw  the 

lijrht  (May  and  June,  1900). 
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-^ay  connected  with,  the  former  position  of  the  main,  north-east  to 

f»onth-we8t  enoarpment  of  the  Chalk. 

It  must  be  admitted  that  in  dealing  with  the  origin  of  the  Soathem 

'Bnglish  rivers  Mr.  Strahan  shows  generally  a  fine  disregard  for  the 

principles  of  drainage  development.  H.  0.  Osborne  Whitk. 

Waroravb,  Berks. 

May  21,  1902.  _ 

WILLIAM    HENRY    PENNING,    F.G.S. 

Born  March  9,  1838.  Dibi>  April  20,  1902. 

Mr.  Penning,  who  joined  the  Geological  Survey  in  1867,  had  in 
previous  years  qualified  as  an  engineer  under  the  late  C.  U.  Gregory. 
During  his  official  service  he  was  engaged  in  the  survey  of  portions 
of  Essex,  Hertfordshire,  Suffolk,  Cambridgeshire,  and  Lincolnshire, 
and  he  was  joint  author  with  Mr.  Whitaker  and  others  of  "  The 
Geology  of  the  North-Western  Part  of  Essex,  etc."  (1878),  and  with 
Mr.   Jukes- Browne   of  *'The   Geology  of  the   Neighbourhood  of 
Cambridge"  (1881).     He  also  contributed  to  '*  The  Geology  of  the 
Country  around  Lincoln"  (1888),  by  Mr.  Ussher  and  others,  the 
memoir  being  published  after  he  had  retired  from  the  Geological 
Snrvey  in  1882  through  ill-health.     On  this  account  he  spent  some 
time  in  South  Africa,  and,  regaining  health,  ho  was  enabled  to  com- 
municate to  the  Geological  Society  of  London  papers  on  the  high- 
level  coalfields  of  South  Africa,  on  the  goldfieMs  of  Lydenburg  and 
De  Kaap,  and  on  the  geology  of  the  Southern  Transvaal.    A  previous 
communication  by  him  dealt   with   the  physical   geoloj^y   of  East 
Anglia  during  the  Glacial    Period.       Mr.   Penning   was  author  of 
a  "Text-Book  of  Field  Geology"  (1876,  second  edition  1S7I))  and 
of  *•  Engineering  Geology  "  (1S8()). 


JOHN    CLAVELL    MANSEL-PLEYDELL,    F.L.S.,    F.G.S. 
Born  1817.  Died  May  3,  1902. 

In  the  death  of  Mr.  Mansel-PleyJell,  of  Whatcombe,  Dorset, 
geological  science  has  lost  an  energetic  and  enthusiastic  worker, 
one  who  in  the  widest  sense  was  a  naturalist,  for  he  was  intimately 
acquainted  with  the  plants,  the  mollusca,  and  the  birds  of  his  native 
county,  and  had  published  separate  volumes  on  these  subjects.  The 
antiquities  of  Dorset  had  likewise  engaged  his  attention,  while  as 
a  Magistrate,  as  a  member  of  the  County  Council,  and  as  High 
Sheriff  (in  1875)  he  had  rendered  distinguished  local  services.  He 
was  educated  at  St.  John^s  College,  Cambridge,  and  on  tlie  death  of 
his  father  in  1863  he  succeeded  to  the  family  estates,  which  included 
land  in  the  Isle  of  Purbeck.  Here  ho  had  fine  opportunities  for 
geological  research,  and  the  Kimeridge  Clay  in  particular  yielded 
to  him  many  saurian  remains,  some  of  which  were  described  by 
Owen  and  J.  W.  Hulke.     In  1873  he  contributed  to  the  G^O"LOQi\cifcAA 
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Magazine  a  "  Brief  Memoir  on  the  Geology  of  Dorset"  Two  yean 
later  he  was  the  chief  founder,  and  afterwards  President,  of  the 
Dorset  Natural  History  and  Antiquarian  Field  Olub,  to  the  Pro- 
ceedings of  which  from  1877  onwards  he  contributed  numerooi 
papers.  In  one  of  these  he  called  attention  to  the  interesting 
discovery  of  remains  of  Elepha$  meridionalis  at  Dewlish.  Althoa^ 
he  had  reached  the  ripe  age  of  84  his  keen  interest  in  science  was 
maintained  to  the  end,  and  his  loss  will  be  long  and  widely  deplored 
in  the  county  and  elsewhere  by  all  who  had  the  privilege  of  bis 
acquaintance. 

Mr.  Mansel-Pleydell  may  be  regarded  as  almost  the  last  of  the 
race  of  country  gentlemen  of  high  social  position  who  took  any  deep 
interest  in  geology.     For,  although  he  was  strongly  imbued  with 
a  love  of  natuml  history  generally,  and,  in  fact,  was  what  we  might 
call  'an  all-round  man/  yet  he  always  held  geology  in  especial 
favour.     We  perceive  this  in  the  originating  of  the  Dorset  Field 
Club,   which   was   founded  by   three   Fellows  of    the  Greological 
Society,  viz.,  himself.  Professor   Buckmau,   and   the   Kev.   H.  H. 
Wood,  rector  of  Holwell.     While  Buckman  was  elected  secretary 
and   Wood  treasurer,   Mansel-Pleydell   was   made  president,  and 
continued  to  occupy  that  position   until   his   death.      Daring  the 
twenty-seven  years  of  its  existence  the  President's  high  reputation 
and  his  continuous  work  added  largely  to  the  usefulness   of  the 
Field   Club,   and   his  influence  has   helped   to   preserve   it    from 
becoming  a  mere  archaeological  society — a  fate  which  is  likely  to 
befall   so   many   of  these  county  associations  in    the   near  future. 
The  Dorset  County   Museum  likewise  has  been  greatly  indebted 
to  Mr.  Mansel-Pleydell,  for  during  a  long  course  of  years  he  has 
enriched   almost   every    department,  and   more  especially   that  of 
palaK)ntolo<^.     It  is  here  that  his  most  important  *  finds '  have  been 
deposited. 

We  must  regard  it  as  a  matter  for  regret  that  Mr.  Mansel- 
Pleydeirs  efforts  in  the  cause  of  geological  science  were  not  more 
generally  known,  so  that  probably  few  persons  unconnected  with 
Dorset  have  any  idea  of  the  range  of  his  knowledge  in  this 
direction.  To  this  circumstance  we  may  attribute  the  fact  that 
he  never  obtained  from  the  Council  of  the  Geological  Society 
any  recognition  of  his  services  in  the  cause  of  geology,  although 
it  had  no  more  enthusiastic  devotee  than  the  late  President  of 
the  Dorset  Field  Club.  He  was  one  of  those  extraordinary  men 
who  unite  the  enthusiasm  of  youth  with  the  mature  judgment  of 
old  age,  and  it  may  be  recorded  of  him  that  he  *  died  in  harness  * 
in  his  effort  to  attend  the  meeting  at  Dorchester,  where  it  had 
been  his  intention  to  deliver  his  annual  address. 


The  Hugh  Millek  Centenary. — We  draw  the  attention  of  our 
readers  to  the  very  interesting  proposal  (see  p.  4  of  Cover)  to  keep 
alive,  by  means  of  a  Memorial  Institute  in  Cromarty,  the  memory 
of  one  of  Scotland's  most  worthy  sons  and  geologists. 
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I. WOODWABDIAN       MUBKUM      NOTBB  :       SaLTKB*8      UmOKSOBIBBD 

Spboieb.     IX.' 
By  F.  R.  CowPBR  Ribd,  M.A.,  F.O.S. 
(PLATE  XVIII.) 
MoNTicuLiPOBA  (Monotbtpa)  pooulum,  Salter.  (PI.  X YIII,  Figs.  1-3. ) 

1873.    Montieulipora  poeulum^  Salter  MS. :  Cat.  Camb.  Sil.  Foss.  Woodw.  Mas., 

p.  109  (a  314). 
1891.     Montieulipora  (?)  poculum,  Woods:  Cat.  Type  Foas.  Woodw.  Mu«.,  p.  26. 

There  are  eight  speoimens  (a  314)  to  which  Salter  gave  this  name. 
All  are  from  the  Wenlock  Limestone  of  Dudley,  and  belong  to  the 
Fletoher  Collection.     Only  one  shows  any  part  of  the  upper  surface. 

Diagnosis. — Corallum  circular,  broadly  cup-shaped  or  crateriform, 
sharp-edged,  thin.  Cup  shallow,  concave.  Base  convex,  broadly 
oonical,  attached  by  apex,  covered  by  thick  concentrically  wrinkled 
epitheoa  marked  with  fine  radiating  striee,  and  in  some  cases  furnished 
with  a  few  short  root-like  processes  on  the  sides.  Corallites  radiating 
from  centre  of  base,  regular,  hexagonal  or  polygonal,  of  equal  or 
subequal  size,  thin- walled,  crossed  by  a  few  horizontal  or  oblique 
tabulae.  Minute,  thick-walled  tubuli  {*  spiniform  corallites ')  present, 
usually  one  at  each  angle  of  junction  of  adjacent  polygonal  corallites. 

Mbasubements. 


I 

II 

III 

IV 

iim. 

30 

8 

mm. 

...     27 
...     10 

mm. 
...     16 
...       7 

mm. 
...     15 

Diameter  of  corallum        

Height  of  ditto 

Bemabks. — The  peculiar  shape  of  the  corallum,  the  thick  striated 
epitheca,  and  short  corallites  separate  this  species  from  ilf.  discoidea,'^ 
James,  to  which  it  has  several  points  of  resemblance,  i.e.,  the 
thin-walled  subequal  corallites,  the  epithecal  cover,  the  spiniform 
corallites,  and  the  absence  of  monticules.  The  'spiniform  corallites* 
are  not  quite  so  abundant  in  Salter's  species  as  in  M.  discoidea,  and 

*  For  prerioos  articles  see  Geol.  Mao.,  1901,  pp.  5,   106,  246,  355,  and  576  : 
1902,  pp.  122,  145,  and  256. 
'  Kichobon:  Struct,  and  affin.  genus  Montiadipoia^  1881,^.  lO'i^a\i'^T«il«t^\iR.vt>^. 

DB6ADB  IV. — \nL.  IX. — SO.  \ni.  Tl 
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the  other  oorallitee  are  relatiyely  larger  than  Nidiolaon's  figon 
(op.  cit,  pi.  \v,  fig.  Ze)  indicates. 

Traohtpora  (?)  SuLKTi,  Salter.     (PI.  XYm.  FEga.  4,  5.) 

1873.    Alv€ol%t€9  Seeleyi,  Salter  MS. :  Ctt  Camb.  SO.  Fo».  Woodw.  Mns..  p.  107 

(a  365). 
1891.    AheoliUs  Seeleyi,  Woods :  Cat.  Trpe  Fosb.  Woodw.  Mas.,  p.  13. 

The  original  specimen  (a  365)  oonsiate  of  a  fine  branching  condlnm 
from  the  Wenlock  Limestone  of  Dndley  (Fletcher  (Jollection),  and 
is  in  an  excellent  state  of  preserration. 

Diagnosis. — Corallnm  ramose,  subdividing  into  many  smaD 
irregularly  dichotomons,  cylindrical,  or  flattened  lobate  brandieii 
averaging  4  mm.  in  diameter,  irregularly  anastomosing,  and  oorsred 
with  closely  set  small  corallites  in  irregularly  oblique  or  vertioil 
rows,  but  mostly  without  any  definite  arrangement.  Condlites 
subcircular  or  polygonal,  subequal  in  size,  and  usuaUy  numbering 
5-6  across  the  width  of  a  branch  4  mm.  in  diameter.  Corallitai 
run  obliquely  outwards  from  axis,  but  meet  outer  surfiioe  at  right 
angles.  Cell-walls  thick,  strongly  granulated  and  punctated  on 
sarfJEtce  of  oorallum,  measuring  from  1  to  ^  the  diameter  of  the 
calices.  Calices  cup-shaped  and  circular  owing  to  thickening  of 
cell-walls,  with  small  circular  hole  at  bottom  as  in  Siriatopon, 
Walls  of  corallites  thickly  set  with  minute  mural  pores.  Tabnls 
present? 

Bkmarks. — It  18  somewhat  difficult  to  assign  this  species  to  its 
proper  generic  position.  The  calices  in  their  characters  remind  us 
of  Slriatopora,^  the  thickened  cell- walls  and  closely  set  oorallitsB 
of  Cladopora  (Hall  &  Bominger),'  but  the  granulation  of  the 
walls  on  the  surface  between  the  calices  is  a  characteristic  feature 
of  Trachypora.^  In  this  genus  Trachypora  {Dendropara,  according  to 
Kominger,  op.  cit.,  includes  it)  the  calices  are  usually  much  further 
apart,  but  it  is  doubtful  if  this  is  more  than  a  specific  character. 
The  peculiar  cup-shaped  orifice  is  not  limited  to  Siriatopora,  and 
the  radiating  striee  which  are  present  within  it  in  that  genus  are 
here  wanting.  It  is  quite  distinct  from  Alveolites,  No  species  of 
Trachypora  has  hitherto  been  definitely  found  in  Wenlock  beds,  but 
Nicholson  (op.  cit.,  p.  106)  declared  that  he  possessed  a  specimen 
from  this  horizon  indistinguishable  from  Dendropora, 

INCERTiE  SEDIS. 

Pasobolus  (?)  H08PITALI8  (Salter).     (PI.  XVIII,  Figs.  6,  7.) 

1 H73.  Spharospofiffia  honpitalis^  Salter :  Cat.  Camb.  Sil.  Fobs.  Woodw.  Mus.,  p.  40. 
1878.     Sphtcrospofif/ia   hoBpitalis,   Nicholson    &    Ktheridge :    Mod.   Girvan  Silor. 

FoHs.,  fasc.  i,  pp.  10-18  (mentioned  as  allied  to  Nidulitc*  and  Pa»eeoiut). 
1S84.     tSpharonponffia  hospitalism  G.  J.  Ilinde:  Q.J.G.S.,  vol.  xl,  p.  835  (mentioned 

as  probably  related  to  Fasctolm), 

*  Hall:  Pal.  N.Y.,  vol.  ii  (1852),  p.  156.  Hominger:  Geol.  Surv.  Michii^an, 
vol.  iii,  T)t.  2  (1876),  p.  58.     Nicholson :  Tabulate  Corals  (1879J,  p.  97. 

-  Hall:  op. cit.,  p.  137.     Koniiui^er:  op.  cit.,  p.  46.     Nicholwm:  op.  cit.,  p.  79. 

'  Romin|»er:  op.  cit.,  p.  Gl  [Lendropora].  Nicholson:  op.  cit.,  ]).  102.  Freeh: 
hth.  GcofT,,  Th.  i,  Bd.  I  (1897),  p.  437. 
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1888.     Sphiero$p<mff%a  ho$pitdl%$,  G.  J.  Hinde:  Mon.  Brit.  Foes.  Sponges  (Palacont. 

Soc.),  p.  182. 
1888.     Spharosponffia  hospitalit,  Etheridge:  Cat.  Brit.  Foes.,  pt.  i,  p.  3. 
1891.     Sph€Bro»p<mg%a  hcspitalUy  Woodfl :  Cat.  Type  Foee.  Woodw.  Mus.,  p.  2. 
1880-97.     Sphirotpongia  hotpitality  Roemer  (Freeh):  Leth.  Geog.,  Th.  i,  Bd.  1, 

p.  296. 

The  original  specimen,  whioh  oame  from  the  Middle  Bala  of  the 
Onny  River,  is  nnfortanately  missing,  as  Mr.  Woods  (op.  cit.  sapra) 
mentions.  But  we  possess  four  other  specimens  in  the  Wood  wardian 
Mnseum  from  the  same  locality  and  horizon,  two  of  whioh  date  back 
to  Salter's  time.  Two  of  these  specimens  are  external  casts  of  the 
surface,  and  the  other  two  show  the  surface  itself,  one  being  a  nearly 
complete  individual. 

Diagnosis. — Body  globular  or  ovoid ;  base  or  stalk  unknown. 
Surface  composed  of  numerous  closely  fitting,  convex,  hexagonal 
plates,  about  1*5  mm  in  diameter.  Each  plate  has  its  individual 
convexity,  and  is  ornamented  with  small  irregular  radiating  ridges, 
particularly  distinct  near  the  edges  of  the  plates.  The  centre  of 
many  of  the  plates  is  seen  to  be  marked  by  a  small  tubercle,  but  it 
is  generally  very  indistinct.  No  different  plates  nor  openings  visible, 
but  indications  of  closely  placed  radiating  pillars  inside  the  body. 

MsASUBEMSNTs. — Diameters  of  ovoid  figured  specimen,  30  mm. 
and  25  mm. ;  five  plates  in  a  space  of  8  mm. 

Remabks. — ^The  affinities  of  this  species  have  been  briefly  mentioned 
by  Nicholson,  Etheridge,  and  Hinde  in  the  references  above  given. 
The  probable  relations  to  Pasceolua  are  generally  recognized  in 
the  shape,  character  of  surface,  and  ornamentation  of  the  plates; 
but  some  doubts  must  remain  as  to  the  true  generic  position  of 
this  species  until  we  are  better  acquainted  with  its  internal  structure. 
Hinde  (op.  cit.)  has  declared  that  it  cannot  be  left  in  the  genus 
Spharospongiaj  of  which  Sph,  tessellata  (Phill.)  is  the  type. 

Gbaptothboa  OATiNULATA,  Salter.     (PI.  XVIII,  Fig.  8.) 

1873.     Graptotheea  catewUatay  n.sp.,  Salter:  Cat.  Camb.  Sil.  Foss.  "Woodw.  Mus., 

p.  171  (a  986). 
1891.     Graptotheea  eatenulata.  Woods:  Cat.  Type  Foss.  Woodw.  Mus.,  p.  120. 

There  is  only  Salter's  original  specimen  (a  986)  of  this  curious 
foKsil,  which  he  attributed  to  the  Pteropoda,  giving  the  new  generic 
name  of  Graptotheca,  This  genus  is  not  mentioned  by  Zittel  or 
in  any  subsequent  palceontological  work,  so  far  as  I  am  aware. 
It  is  difficult  to  see  why  Salter  assigned  it  to  such  a  zoological 
position,  as  it  exhibits  no  peculiarly  pteropodal  characters.  The 
specimen  is  from  the  Lower  Ludlow  of  Leintwardine,  and  is  of 
an  elongated  subtriangular  form,  acutely  pointed  at  one  end,  the 
two  adjacent  sides  making  an  angle  of  about  30°.  The  other  end 
is  broad,  but  its  true  shape  cannot  be  made  out  owing  to  the  poor 
state  of  preservation.  The  surface  is  marked  with  8  or  9  strong 
raised  lines  parallel  to  the  second  longest  side;  of  these  the  first 
4  or  5  nearest  the  margin  are  equidistant,  but  the  others  are  leaa 
regular  and   slightly  curved.      Some   of  the  lines  \i\^\xte^\.Q  xi^^t 


340       F.  B.  Couper  Beed^Salier^s  Uhdeseribed  Speeiei. 

the  broader  end.  The  upper  edge  appears  to  be  carved  over. 
The  total  length  of  the  specimen  is  aboat  70  mm.,  and  the  width 
at  the  broader  end  about  35  mm.  It  appears  possible  that  it  maj  be 
really  the  crushed  ventral  shield  of  a  8aipka9pi$  {Ojfatkaapii).  The 
ornamentation  is  somewhat  similar,  and  an  obliquely  omshed 
specimen  of  Scapkagpis  luden$i$  ^  whioh  oocurs  on  the  same  horiBon 
and  at  the  same  locality  would  present  a  somewhat  similar  appeannoe. 
But  it  is  even  very  doubtful  to  what  group  we  should  properly  assiga 
this  ill-defined  and  unsatisfactory  fossil. 

Favosponoia  Gk>uoHi,  Salter. 

1854.    Undetermined  fossil,  McCoy :  Brit.  Pal.  Foss.,  pi.  i  d,  fin.  9,  9«. 

1873.    Fatceolut  Goughi,  Salter:  Cat.  Camb.  Sil.  Foss.  Woodw.  Mos.,  p.  175  (h  iA. 

b  54  :  reference  to  McCoy's  figures). 
1878.     Spong:e('r) :  Cat.  Camb.  Sil.  Foes.  Mas.  Pract.  Geol.,  p.  128. 

1887.  Favoipangia  Ruthveni  (Salter  MS.),  G.   J.  Hinde:    Brit.  Foss.  SpoDf!e> 

(Palteont.  Soc.),  pt.  ii,  p.  179. 

1888.  Favotpongia  RtUhreni,  Etherid^e :  Cat.  Brit.  Foes.,  pt.  1,  p.  2. 
1888.     FtueeoluM  Goughi,  Etheridge:  ibid.,  p.  2. 

1888.    Ftueeolwt  Goitghi :  Mem.  Geol.   Siinr.   Geology  of  Kendal,  etc.,  2iid  ed.. 

Table  ii,   p.   60   (specimens  in  Kendal  and  Woodwar^an  MuemB!* 

from  Kirkby  Moor  Flags  of  Benson  Knot). 
1891.     FOsceolus  Omtghi,  Woods:  Cat.  Type  Foss.  Woodw.  Mus..  p.  2. 
1897.    Faseeolui  Qoughi,  Roemer:  Lcthxa  Gcognostica,  Th.  i,  Bd.  1,  p.  296. 

There  are  four  specimens  of  this  form  labelled  by  Salter  h  53,  h  54, 
all  of  which  are  from  the  Eirkby  Moor  Flags  of  Benson  Knot 
They  were  figured  by  McCoy  (op.  oit.  supra)  as  an  '<  undetennined 
fossil,"  but  not  described  by  him.  Salter,  in  his  Catalogue  (loc.  oit 
supra),  places  McCoy's  figures  in  the  margin  opposite  the  reference 
to  these  specimens  which  he  calls  Pasceolus  Qoughi,  and  merely 
notes  that  **  the  genus  has  been  described  by  Billings  from  Canada.'' 
McCoy  had  only  remarked  in  the  reference  to  the  figures  on  his  plate 
that  the  fossil  was  common  in  the  Upper  Ludlow  rocks  of  Kendal. 

Dr.  Hinde  (op.  cit.  supra),  in  mentioning  the  problematical 
Favoapongia  Buthveni,  refers  to  these  figures  given  by  MoOoy  as 
representing  this  latter  species,  but  does  not  state  that  they  were 
designated  Pasceolus  Goughi  by  Salter  in  1873. 

There  has  thus  been  considerable  confusion  about  this  form.  In 
the  first  place,  our  Woodwardian  Museum  specimens  are  undoubtedly 
those  figured  by  McCoy  in  1854  and  referred  to  by  Salter  in  1873 
as  Pasceolus  Ooughi;  secondly,  the  name  Favospongia  BtUhveni 
appears  first,  as  Dr.  Hinde  informs  me,  in  John  Morris*  own 
interleaved  copy  of  his  "Catalogue  of  British  Fossils'*  (ed.  1854) 
as  a  manuscript  entry  in  Morris*  own  hand  on  an  interleaf  amongst 
the  Amorphozoa  in  the  following  way  : — 

"  Fnvospou^a,  Salter,  1861. 
Danhjn,  Tetragonis. 
Ruthveni,  Salt. :  M.G.S.,  p.  130. 

Pal.  Fo.  W.  M.,  ri.  i  D,  ivr.  if/' 

This  entry  is  apparently  meant  to  record  the  occurrence  of 
Favospongia  Buthveni  and  Tetragonis  Danhyi  (the  latter  of  which 

«  Lanko«<ti*r:  Mon.  OKI  UikI  Sand«*t.  Fishes  (Palu'out.  S(»c.),  1868,  p.  25,  pi.  ii. 
ii/^.  4,  An. 
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MoCoy  figured  and  described  in  his  Synopsis).  The  date  1861 
appears  to  point  to  Salter  having  created  the  genas  Fa90$pim(fia  in 
that  year,  and  the  reference  to  McCoy's  figures  of  an  "  undetermined 
fossil "  that  he  applied  the  name  to  this  form.  But  Dr.  Hinde  has 
not  been  able  to  find  out  to  what  "M.G.S.,  p.  136"  refers,  and 
the  designation  of  the  fossil  as  Favo$p<m(fia  BiihvmU  does  not  seem 
to  have  appeared  in  print  before  the  name  Pa$ceolui  Oaugki. 

Six  specimens.  Dr.  Hinde  informs  me,  in  the  Gkologioal  Society's 
Museum,  Burlington  House,  are  mounted  on  one  tablet  and  labelled 
''  Favospimgia  Bvihveni,  Salter ;  Upper  Ludlow  Rock,  Benson  Knot," 
but  the  writing  is  not  in  Salter's  hand.  Another  tablet  with  a  single 
specimen  is  marked  (apparently  in  the  same  handwriting  as  the 
other)  '*  Favoepongia  (a  sponge),  Upper  Ludlow,  Kendal,  Professor 
Sedgwick,  Figd.  in  Synopsis."  The  specimen  in  the  Jermyn  Street 
Museum  entered  as  '  sponge '  in  the  Catalogue  (loc.  cit)  is  inscribed 
on  the  back  '*  Collected  by  Buthven  from  Upper  Ludlow  at  Benson 
Knot,"  and  Dr.  Hinde  informs  me  that  it  is  the  same  form  as  that 
named  Favotpongia  Buthveni  in  the  G^log^cal  Society's  Museum. 
Unfortunately  nothing  further  is  known  about  this  Jermyn  Street 
specimen. 

Finally,  Dr.  Hinde  has  kindly  compared  the  Cambridge  specimens 
labelled  Paseeolus  Ooughi  with  these  in  London,  and  states  that 
there  is  no  doubt  that  they  are  identical,  and  that  it  is  the  same 
form  to  which  the  two  names  Paseeolw  Ooughi  and  Favoapongia 
Buthveni  have  been  g^ven. 

As  to  the  correct  generic  name  to  adopt.  Dr.  Hinde  is  of  the 
opinion  that  ''both  are  alike  unsuitable,  for  Favospongia  implies 
that  it  is  a  sponge,  which  in  my  opinion  it  is  not ;  and  PaaceoluB 
that  it  belongs  to  Billings'  genus,  and  this  again  is  highly  doubtful, 
though  less  improbable  than  its  sponge  affinities."  Dr.  Hinde 
writes  further  that  on  comparison  with  genuine  specimens  of 
Billings'  Pcueeolus  collected  from  Antioosti,  he  does  not  think  that 
F,  Bulhveni=P,  Ooughi  should  be  included  in  Billings'  genus. 

It  appears  to  me  advisable  to  adopt  the  generic  name  Favoapangia 
in  preference  to  Pasceolus,  firstly,  because  it  does  not  commit  one 
to  identifying  this  form  with  Billings'  genus,  to  which  it  appears 
that  it  does  not  probably  belong ;  and  secondly,  because  the  name 
Favospongia,  in  spite  of  its  objectionable  suggestion  of  affinity  with 
sponges,  has  not  been  applied  to  any  other  fossil,^  and  is  practically 
a  new  name  including  only  this  one  species.  The  specific  name 
Ooughi,  having  appeared  in  print  before  that  of  Buthveni,  must, 
however,  be  adopted.  We  must  wait  for  further  knowledge  of  the 
structure  of  this  form  to  determine  its  true  affinities,  and  if  it  has 
ultimately  to  be  assigned  to  some  previously  established  genus  the 
name  Favospongia  must  be  dropped.  For  the  present,  however,  it 
serves  the  useful  purpose  of  designating  a  peculiar  fossil  which 
cannot  be  placed  with  certainty  in  any  well-defined  genus.  The 
description  of  its  characters  is  necessarily  meagre. 

^  Zittel  in  his  Handbook  of  Palieontology  doca  not  ^^e  *\\.. 
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Diagnosis. — Body  hemispherioal ;  base  flattened,  slightly  oonvex 
in  middle  as  if  for  attachment  Whole  surface,  including  base, 
covered  with  a  reticulating  network  of  polygonal  cells  of  irregolar 
shape  and  unequal  size ;  many  are  hexagonal  or  pentagonal,  and 
in  one  specimen  (b  53)  they  are  subequal  in  size.  (General  superficial 
appearance  resembles  Favosites,    No  internal  structure  known. 

MsASUBEMKMTS. — Diameter  of  most  perfect  specimen,  30 mm.; 
height,  17  mm. 

EXPLANATION  OF  PLATE  XVIII. 

Fio.  l,—M(mtieuUp<Hra  poeulum,  Salter.    Wenlock  Limestone:  I>adley.    FkAte 
Collection,     x  1^. 
„    2. — A  part  of  the  same,  showing  longitudinal  section  near  margin,     x  10. 
3. — A  part  of  the  same,  showing  spiniform  and  polygonal  eoraUites.     x  10. 
4,^Traehi/para{?)SeeleyiySaitdT.  Wenlock  Limestone :  Dudley.  FletclMrGoIl 

X  2. 
5. — A  part  of  the  same,     x  5. 

e,—Faseeolus  (?)  hospitalit  (Salter).    Middle  Bala :  Onny  Rirer.     x  1|. 
„    7. — A  part  of  the  same,     x  4. 
„    8. — Oraptoth€caeaUnulatayS9lteT,    Lower  Ludlow :  Leintwardinc.    Nat.8ue. 


IT. — Note  on  Nautilus  bobustus,  Foord  &  Cbick. 
By  G.  C.  Cbicx,  F.G.S.,  of  the  British  Museum  (Natural  History). 

THE  species  NauHlua  robustua  was  founded^  by  Dr.  Foord  and 
myself  upon  three  examples  in  the  British  Museum  col* 
lection,  bearing  respectively  the  register  numbers  37,010,  37,005, 
and  C.  1,944. 

The  specimen  numbered  37,010  was  regarded  as  the  type  (see 
accompanying  Figures).  It  originally  formed  part  of  the  Tessoa 
Collection,  and  is  stated  to  be  from  the  ''Inferior  Oolite,  Les  Moutien, 
Normandy."  The  horizon,  however,  given  by  us  in  our  original 
description,  and  subsequently  also  by  Dr.  Foord  in  his  '*  Catalogue 
of  the  Cephalopoda  in  the  British  Museum  (Natural  History)," 
voL  ii,  pp.  205-7,  is  "Upper  Lias.'' 

The  example  bearing  the  number  37,005  belonged  also  to  the 
Tesson  Collection,  and  was  labelled  **  Nautilua  tnomaltM,  d'Orb. 
Lias  superieur,  Curcy."  The  third  specimen,  which  is  nambered 
0. 1»944,  lacks  any  information  as  to  the  horizon  and  locality  whence 
it  was  obtained,  but  it  is  probably  a  British  fossil. 

Quite  recently  Mr.  S.  S.  Buckman  informed  me  that  there  were 
two  examples  of  this  species  in  the  Cheltenham  College  Moseam, 
and  through  the  kindness  of  the  authorities  of  the  College,  to  whom 
I  desire  to  express  my  sincere  thanks,  the  specimens  have  been 
sent  to  me  for  examination,  so  that  I  have  been  able  to  compare 
them  with  the  type-specimen.  The  larger  specimen  is  labelled  in 
Mr.  S.  S.  Buckman's  handwriting,  ''Marlstone.  Loc :  unknown; 
but  probably  near  Cheltenham,  and  possibly  Alderton  Hill."  ^    The 

1  A.  H.  Foord  &  G.  C.  Crick  :  Ann.  &  Mag.  Nat.  Hist.,  ser.  vi,  vol.  v  (1890), 
p.  271,  fig.  5. 

^  Mr.  Buckman  tells  me  that  this  is  * '  perhaps  the  Nautilus  obetu9  mentioned  in 
*  Geology  of  Cheltenham,*  ed.  2,  p.  40.** 
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Iher  speoimsQ  bean  an  ori^al  label  with  th«  inwription  "Naatilna, 
larlatoDet  Qietton."*  Fully  Bgreeing  with  Hr.  Bnokman'a  identic 
Mtion  of  tbeoa  Bpedmena,  I  waa  lod  to  enquire  into  the  geological 
^  of  the  examples  in  the  Hational  GolleotioD,  for  if  the  Cheltenham 
kdlege  spedmens  are  ooneoti;  identified,  it  wonld  aeem  that  the 
peoiea  helonga  to  the  UarUtone  or  Middle  Lias,  rather  than  to  either 
le  Upper  Liaa  or  to  >he  Inferior  Oolite. 


autiiiu  roiutlui. — a,  lateral  *:      .  „ 

the  lent  being  preseDt  in  tht:  teptHta  part  of  the  bKoII,  where  a  .  .__  _ 
Riiwth  are  indicated  ;  6,  front  view.  Middle  Lina :  Lea  Moulien,  Norniuid}', 
France.  Drawn  from  the  t^  -  specimen  in  the  firitiah  Huxmm  ColltoUuii 
[Nu.  37,010].    Bather  tew  than  one-third  natural  size. 

As  already  stated,  one  of  the  examples  on  whioh  the  speoies  wae 
mnded,  viz.,  the  specimen  in  the  British  Mnaeum  bearing  the 
•gister  number  C.  1,944,  lacks  any  inforroation  respecting  the 
irizon  and  locality  whence  it  was  obtained.  Ita  matrix,  however, 
^rees  with  that  of  the  Bpeotmen  in  the  Cheltenham  College  Museum 
lat  is  labelled  "Marlatone.  Loc:  unknown  ;  but  probably  near 
heltenbam,  and  possibly  Aldettcn  Hill."  It  is  therefore  more  than 
robable  that  this  fossil  is  a  British  specimen,  and  that  it  oame  from 
le  Marl  stone. 

Am  mentioned  above,  the  speoimen  regarded  as  the  type,  and 
^red,  originally  formed  part  of  the  Tessoa  Collection.  It  has  the 
llowiog  measurements :  diameter  (without  test  near  aperture), 
Mmm. ;  thickness  (without  test  on  each  side),  lS6mm.  ;  width 
'  nmbilicus  (test  present  on  each  side),  33  mm.  One-third  of  the 
at  whorl  is  occupied  by  the  body-chamber.    The  specimen  does 

■  In  re^rd  to  tbia  Bpecimen  Mr.  Buckman  writes  me  ae  follows :  ' '  The  lahel  JH 
e  of  m;  father's :  the  writing  on  it  t9  vor;  similar  to  his.  Manjr  apecimena  in  the 
uenm  were  presented  hy  my  father,  anil  it  v<  therefore  quite  likely  tWt  be  collected 
—       "     nlmself." 
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not  bear  an  original  label,  bat  is  numbered  87,010,  and  bit  beea 
registered  as  "  Nautilus  sp.,  Inferior  Oolite,  Les  Montiers,  Normindy" 
As  stated  in  the  remarks  appended  to  the  original  desoriptioii  of 
tbe  species  by  Dr.  Foord  and  myself,  a  figare  of  the  type-speoiBMa 
was  submitted  to  Dr.  Paul  I^soher,  of  the  Mnaenm  of  Naftmii 
History,  Paris,  who  kindly  replied  to  the  effect  that  he  fomd  no 
form  either  in  the  Museum  of  Natural  History,  the  Museam  of  tho 
i^cole  des  Mines,  nor  in  that  of  the  Sorbonne,  which  could  bo 
identified  with  certainty  with  our  specimen.  He  obeerred  that 
it  resembles  perhaps  some  specimens  of  NafMnM  ToareoMtf,  d'Oii^ 
but  that  the  umbilicus  in  the  latter  appears  more  open  and  Ao 
aperture  more  dilated,  remarks  with  which  we  fully  oonourred. 
llie  affinities  of  the  species  being  nearest  to  JfaiMmM  TooreoMM, 
d'Orb.,  from  the  Upper  Lias,  and  the  specimen  numbered  37,005, 
being  apparently  specifically  identical  and  bearing  an  original  label 
indicating  that  it  came  from  the  Upper  Lias,  it  seemed  moat  probable 
that  the  new  species  belonged  to  the  Upper  Lias.  But  there  an 
portions  of  other  fossils  preserved  in  the  matrix,  among  tfaom 
being  a  portion  of  a  Belemnite,  and  a  fairly  good  impression  of  an 
Ammonite  (see  Figures).  A  plaster  squeeae  of  this  Ammonite  was 
taken,  and  submitted — the  specimen  being  registered  as  from  tbe 
"  Inferior  Oolite " — to  Mr.  S.  S.  Buckman  for  his  opinion,  and  ho 
very  kindly  replied  as  follows : — "  It  is  certainly  a  Paltoj^twrocmnu, 
and  is  nearest  to  Am :  eostatus  nuduB^  Quenst.  Jura,  PI.  21,  f.  3, 
which  Hyatt  made  type  of  his  Pleuroeeras  paeudoeoBtatum,  Bull.  Mob. 
Comp.  Zool.  Foss.  Geph.  No.  o,  p.  90,  1867.  It  is  also  near  to 
tbe  specimen  figured  by  Qaen8t[edt]  Schwab.  Amm.  PL  42,  fig.  19 
only  as  A.  co$tatu8  nudua;  but  this  is  a  different  form  from  that 
of  the  Jura.    .    .    . 

**  Your  specimen  is  exactly  identifiable  with  specimens  which 
are  not  uncommon  in  tbe  marlstone  of  Dumbleton  (Alderton  Hill) 
near  here  [Cheltenham],  and  at  South  Petherton — specimens  which 
for  want  of  a  better  name  I  have  called  Paliopleuroceras  nudum; 
these  specimens  are  characteristic  of  Middle  Lias  (Marlstone),  and  of 
the  Spinati  7.    That  is  therefore  the  date  of  your  N.  robustuB.    .    .    . 

"Quenstedt  called  his  species  nudus  as  being  without  apiiiei. 
Yours  has,  I  think,  some  indication  of  spines.  I  have  a  specimeB 
very  like  yours  from  Mid:  Lias,  Tilly  sur  Seuilles.  Calvados, 
and  it  is  well-spined.  Both  spined  and  unspined  forms  occur 
at  Dumbleton,  etc,  so  this  point  makes  no  difference  aa  regards 
horizon." 

The  present  writer  fully  concurs  with  Mr.  Buckman's  determination 
of  the  fossil,  and  therefore  regards  the  type-specimen  of  NatUUm 
rohustuB  as  of  Middle  Liassic  age. 

When  the  original  description  of  the  species  was  framed  it  was 
not  possible  to  give  the  position  of  the  sipbuncle.  Fortunately  the 
smaller  of  tbe  Cheltenham  College  specimens  (the  example  from 
Gretton)  enables  us  to  supply  this  deficiency.  A  portion  of  the  last 
whorl  can  be  detached  and  tbe  sipbuncle  seen  very  clearly.  Where 
the  height  of  tbe   whorl  is  49  mm.,  its  width  56  mm.,  and  the 
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iistanoe  of  the  periphery  from  the  preceding  whorl  42  mm.,  the 
centre  of  the  siphancle  is  13*5  mm.  from  the  preceding  whorl,  and 
therefore  28-5  mm.  from  the  periphery.  The  position  of  the  siphande 
inaj  therefore  be  described  as  iufra-median,  or,  in  the  terminology 
sngpgested  by  Professor  Hyatt,^  '  intraoentrodorsan.* 

The  other  French  specimen  originally  referred  to  this  species, 
vis.,  the  example  in  the  British  Museum  bearing  the  register 
aamber  37,005,  also  belonged  to  the  Tesson  Collection,  and  bears 
la  original  label  with  the  following  inscription :  **  \_Naut]Uu§ 
Inamaius,  d'Orbigny.  [Lias]  sup[er]tear.  Carey.*'  It  has  the 
following  measurements:  diameter  (without  test  near  aperture), 
166  mm. ;  thickness  (without  test  on  one  side),  116  mm. ;  width  of 
ambnicuB  (with  test),  25  mm.  These  dimensions  agree  very  closely 
inth  those  of  the  type-specimen,  the  latter  having  the  following 
dimensions  at  a  diameterof  160  mm. :  diameter  (with  test),  160  mm. ; 
thickness,  estimated  at  about  117  mm. ; '  width  of  mnbilicus  (with 
test) ,  26  mm.  Only  a  small  portion  of  the  body-chamber  is  preserved. 
3o  far,  then,  as  external  characters  are  concerned,  it  does  not  seem 
possible  to  separate  this  example  from  the  type-specimen  ofN.  rohustui. 
It  is  true  that  the  example  from  Curcy  is  labelled  "  Lias  sup^rieur," 
but  since  the  Middle  Lias,  including  beds  corresponding  to  our 
Marlstone,  also  occurs  at  the  same  locality,'  it  is  quite  possible  that 
the  specimen  may  have  come  from  these  beds. 

Of  the  examples  belonging  to  the  Cheltenham  College  Museum 
that  we  refer  to  this  species,  the  larger  one  is  stated  to  be  from  the 
'*  Marlstone.  Loc  :  unknown  ;  but  probably  near  Cheltenham,  and 
possibly  Alderton  Hill."  The  measurements  are  :  diameter  of 
shell  (without  test),  220  mm.;  thickness  (without  test),  153  mm.; 
and  width  of  umbilicus*  (without  test),  about  33  mm. ;  from  which 
it  will  be  seen  that  this  example  is  not  only  somewhat  larger  than 
the  type-specimen,  but  it  is  also  relatively  somewhat  thicker, 
whilst  the  umbilicus  is  relatively  somewhat  narrower.  The  smaller 
specimen  is  labelled  **  Marlstone,  Gretton,"  [near  Dumbleton].  It 
has  the  following  dimensions :  diameter  (without  test),  165  mm. ; 
thickness  (without  test),  119  mm. ;  and  width  of  umbilicus  (with 
test  on  one  side),  26  mm.  Only  a  small  portion  of  the  body-chamber 
is  preserved.  These  dimensions  agree  fairly  well  with  those  of 
the  type-specimen  at  a  diameter  of  160  mm.  Also  the  general 
characters  of  these  fossils  agree  so  well  with  those  of  the  type, 
that  it  will  probably  be  correct  to  regard  the  slight  differences  in 
their  dimensions  as  merely  individual  variations. 

It  may  be  useful  to  give  in  tabular  form  the  measurements  of  the 

*  A.  Hyatt,  **Phylogeny  of  an  acquired  characteristic"  :  Proc.  Amer.  Philos. 
Soc.,  vol.  xxiii,  no.  143  (August,  1894),  p.  430. 
'  One  side  of  the  fossil  is  broken  away,  so  that  the  thickness  can  only  be  estimated. 

'  "  Le  type  normal  du  Toarcien  de  Normandie  se  trouve  aux  environs  d'Evrecy,  de 
a  Caine  et  oe  Curcy,  od  la  zone  a  Am.  ftpinntus  supportc  une  argile  dite  a  LeptofMy 
j'est-a-dire  k  petits  brachiopodes  d'aspect  paleozoique,  Koainckella,  CadoinelUiy  etc." 
(Lapparent,  Traite  de  Geologie,  4™*^  ed.,  1900,  tom.  2,  p.  1089.) 

«  The  umbilicua  is  filled  with  matrix. 
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examples  which  are  referred  to  this  speoies.  I  is  the  type-speoimen 
from  [the  Middle  Lias]  Les  Moutiers,  Normandy  [B.M.  no.  87,0101; 
n,  the  specimen  from  the  [Middle]  Lias,  Corey  'B.M.  no.  37,006] ; 
in,  the  example  from  the  Marlstone,  Alderton  Hill  ?  [Cheltenham 
College  Museum,  no.  900] ;  lY,  the  specimen  from  the  Marlstone, 
Qretton  [Chelteoliam  College  Museum,  no.  901].  (For  oompariaoD 
with  the  other  examples  the  measurements  of  the  French  specimens 
are  given  both  at  their  greatest  diameter  and  also  at  a  diameter  of 
160  mm.  and  of  128  mm.  respectively.) 

I.  II.  in.  lY. 

Eatioto        Ratio  to        Ratio  to        Ratio  to        Ratio  to        BtboW 
mm.  diam.    mm.  diam.    mm.  diam.    mm.  diam.    mm.  diam.    mm.  diam. 
Biameter  ...204+(100)     160    (100)     166  + (100)     128    (100)    220-l-(100)     1654(100) 
Thickness  ...136  + (66-6)   117  +  (73*1)   116  +  (69-8)     87-l-(68)      153+(69-5)   1194(721) 

^''^iHcus}^^     (l**^)     26    (16-2)     26    (15)        20    (16-6)     33-(16)        M-(l«'^ 

I  think  it  highly  probable  that  to  this  species  belongs  also 
a  specimen  in  the  National  Collection  [No.  C.  4,487]  from  the 
Middle  Lias  of  South  Petherton,  Somerset  It  is  entirely  septatoi 
and  has  the  following  dimensions :  diameter  of  shell  (wanting  teit 
near  aperture),  130  mm. ;  thickness  of  outer  whorl  (wanting  test 
on  one  side),  78  mm. ;  width  of  umbilicus  (test  present  on  each 
side),  21  mm. 

III. — On  the  Distribution  op  thb  Glossopteris  Flora. 

By  E.  A.  Ne^-ell  Arber,  M.A.,  F.G.S.,  Trinity  College,  Cambridge;  Univereity 

Denioiistrator  in  Palieobotany. 

AMONG  extra- European  fossil  floras,  none  is  perhaps  better 
known  than  that  of  the  Permo-Carboniferous  rocks  of  the 
Southern  Hemisphere.  These  rocks  are  extensively  developed  in 
Southern  India,  Australia,  South  Africa,  and  South  America/  and 
there  can  be  little  doubt  that  these  regions  once  formed  part  of 
a  great  continent,  to  which  the  name  Gondwana-land  has  been 
appropriately  applied. 

The  flora  of  Gondwana-land  difiers  in  a  remarkable  degree  from 
the  contemporaneous  flora  of  Europe  and  North  America.  The 
characteristic  and  predominant  plant  types  in  Europe  in  the  Permo- 
Carboniferous  period  were  Calamiies  among  Equise tales,  Lepidodendron 
and  Sigillaria  among  Lycopodiales,  with  numerous  representatives  of 
the  Filicales,  and  of  three  groups,  now  long  extinct,  the  synthetic 
types  Cycadofilices  and  Cordaitales,-  and  the  isolated  phylum 
Spheuophyllales.  These  compose  what  we  may  term  the  northern 
type  of  Permo-Carboniferous  flora. 

The  Gloaaopieris,  or  southern  Permo-Carboniferous  flora,  consists 
essentially  of  four  types,  Phyllotheca  and  Schizoneura  among 
Equisetales,  the  fern-like  plant  Glossopteris,  including  GangamopteriSt^ 

*  Seward:  Science  Progress,  1897,  vol.  vii,  p.  198. 

2  Scott:  Trans.  R.  Si>c.  Edinb.,  1902,  vol.  xi,  pt.  2,  p.  331. 

^  Etheridge  :  Troc.  Linn.  Soc.  ^.S.  Wales,  1894,  ser.  ii,  vol.  ii,  p.  228. 
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nd  representatives  of  a  genus,  of  at  present  unknown  affinities,  but 
probably  belonging  to  the  Cordaitales,  Noeggerathiopn*. 

Id  India,  all  these  four  types  oocur  in  the  Pancbet  and  Damuda 
eries  of  the  Lower  (Jondwanas.^  In  Australia,  QlosBopteris  and 
?kfflloikeea  are  abundant  in  the  Newcastle  series  of  New  South 
Vales,  and  in  other  localities  and  horizons.'  Phyllotheca  was  first 
[escribed  by  Brongniart^  from  Australian  specimens.  Noeggera" 
Jdopiis  also  occurs  in  Australia,  but  Schizaneura,  although  recorded,* 

I  apparently  rare. 

In  South  Africa,  three  of  these  types  are  found,^  and  stems 
greeing  very  closely  with  the  Indian  Sehizoneura  have  been 
eoognized.'  It  may  be  also  pointed  out  that  a  fossil,  discovered 
J  Bain  in  the  Boggeval  (Fish  River),  South  Africa,  and  described 
nd  figured  by  Sir  Joseph  Hooker^  in  1852,  has  some  of  the 
haraoteristics  of  a  Sehizoneura.  This  specimen  is  preserved  in 
he  museum  of  the  Geological  Society  of  London,  where  I  have 
Boently  examined  it.  It  shows  two  whorls  of  linear-lanceolate 
Mives  united  into  a  cup  or  sheath  at  the  base.  The  two  whorls, 
owever,  are  quite  separate,  and  on  opposite  sides  of  the  rook- 
pecimen ;  whereas  in  Hooker's  figure,  which  is  largely  a  restoration, 
tiej  are  represented  as  if  in  continuity  and  alternate.  The  free 
9gments  are  of  unequal  length  and  breadth,  and  each  is  traversed 
y  a  few  parallel  and  distant  nerves.  Two  of  the  leaves  apparently 
bow  some  signs  of  splitting  towards  the  apex.  The  stem  characters 
re  unfortunately  not  shown,  and  it  is  therefore  not  possible  to 
efinitely  refer  the  African  specimens  to  the  genus  Schizotieura,  as 
le  evidence  of  the  leaves  alone  somewhat  suggests. 

In  South  America,  all  the  chief  members  of  the  Olosaopteris  flora 
ave  been  recorded  in  recent  years,"  with  the  possible  exception  of 
'^kizoneura. 

The  floras  of  the  various  regions  of  Gondwana-land  are  therefore 

II  of  the  same  type.  Recent  researches  have  also  shown  that 
lany  cases  of  specific  identity  oociir  among  the  fossil  plants  of 
tiese  widely  separated  areas.  Qlossopteris  Browniana,  Brngt.,  is 
>und  in  India,  Australia,  and  South  Africa,^  Olossopteris  (Ganga- 
iopteria)  cyclopteroideSy  Feist.,  and  NoeggerathiopBta  Hislopi  (Bunb.), 
1  India,  South  Africa,  and  South  America,  and  possibly  also  in 
'asmania.  A  close  identity  exists  also  between  other  members  of  the 
Uossopteris  flora,  as  is  shown  by  the  occurrence  of  Neuropteridium 

*  Feistmant^jl :  Fo.S8.  Flora  Gondwana  System,  1881,  vol.  iii :  Pal.  Indica. 

»  Feistmantel :    Mem.   Geol.    Surv.    N.S.  Wales,   1890,    Pal.  No.   3.      David: 
roc.  Linn.  Soc.  N.S.  Wales.  1894,  sor.  ii,  vol.  ix,  p.  219. 
'  Brongniart:  Prodrome  Hist,  vej^t.  toss.,  1828,  pp.  151  and  17o. 
«  Etheridge:  Rec.  Geol.  Sun-.  N.S.  Wales,  1893. 

*  Zeiller:  Bull.  Soc.  geol.  France,  189G,  ser.  iii,  vol.  xxiv. 

*  Seward:  Q.J.G.S.,  1897,  vol.  liii,  p.  324. 

'  Hooker:  Trans.  Geol.  Socser.  ii,  vol.  vii(pub.  1856),  p.  227,  pi.  xxvii,  fig.  1. 

*  Szajnocha :  Sitz.  k.  Acad.  Wiss.  Wien,  1888,  Bd.  cx>ni,  p.  219.  Kurtz  :  Revistii 
)1  Museo  de  la  Plata,  1894,  vol.  ^i,  p.  123;  1899,  vol.  x,  p.  43;  Geol.  Mao., 
396,  p.  446.     Bodenbender :  Zeit.  Deut.  Geol.  Ges.,  1896,  Bd.  xlviii,  p.  743. 

'  Zeiller:  Bull.  Soc.  geol.  France,  1896,  ser.  iii,  vol.  xxiv,  p.  349.  Seward: 
.J.G.S.,  1897,  vol.  liii,  p.  315. 
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validum.  Feist,  in  India  and  South  America,  and  SpkemofUrii  fif 
morpha,  Feist,  in  India  and  Anstialia.' 

For  many  years  the  Olo89opien§  flora  was  regarded  both  m 
confined  to  Gondwana-land,  and  aa  entirely  distinot  in  type  bm 
that  of  northern  latitudes.     It  has,  however,  beoome  oiore  aad  mam 
clear  that  neither  of  these  assumptions  is  correct.     PifBsifcisi 
deliquescens   (Gopp.),   of  the  Permian  of  Russia,  also  ocenn  ii 
Australia,  where  it  was  first  described  by  McCoy  in  1847,  uBihr 
the  name  of  P.  Hookeri.^    In  1898  Amalitsky  '  recorded  gfoiiipisrii 
itself  from  the  Upper  Permian  of  Russia,  and  more  raoently  ths 
Noeggeraihiopns   Odpperii   (Sohm.)   of  Russia  was   shown  to  Is 
idontical  with  an 'Australian  fossil  plant.*    Theae  facta  would  ssM 
t<>  point   to  the  oonolnsion  that  a  migration  into   Europe  of  lbs 
Houthern  type  of  flora  took  place  towards  the  dose  of  Ibe 
Carboniferous  period  ;  a  theory  which  is  supported  by  the 
of  a  Schizaneura  of  very  similar  characters  to  the  Indian  fonn^ii 
the  Bunter  of  the  Vosges,  and  of  Phylloth^a  in  the  Lower  OoMsi 
of  Italy.     In  fact,  all  the  four  main  types  of  the  flora  of  Gtondaiat 
land  are  known  to  have  been  present  in  Europe  in  either  Vtaum 
or  LfOwer  Mesozoic  times. 

But  perhaps   the  most  interesting   result   arising  from  reowt 
researches  is  the  fact  that  the  Permo-Carboniferona  flora  of  At 
Southern  Hemisphere  can  no  longer  be  regarded  as  entirely  distiost 
in  type  from  that  of  Europe  and  North  America.     This  flora  is  now 
known  to  have  been  composed  of  a  mixture  of  both  southern  snd 
northern  types  in  at  least  two  of  the  four  great  districts  composiDg 
Gondwana-Iand.    Such  association  has  been  completely  demonstralsd 
in  South  America,^  and  South  Africa,^  and  there  is  reason  to  believe 
that  it  is  not  altogether  wanting  in  Southern  India.*    We  may  there- 
fore conclude  that  land  connections  existed  in  Permo-Carboniferoiu 
times  between  the  northern  and  southern  continents.     In  Africa,  we 
can  clearly  trace  such  connections,  for  Potoni6*  has  shown  that 
Glosiopteris  occurs  in  German  and   Portuguese  East  Africa,  and 
Zeiller  ^^  has  deHoribed  typical  European  Coal-measure  species  from 
the  Tetc  Coal  Basin  of  the  Zambesi  region.     Further  south  still,  in 
the  neighbourhood  of  Johannesburg,  an  association  of  both  these 
types  occurs." 

It  is  a  point  worthy  of  special  attention  that  Australia,  so  far, 
remains  an  exception,  in  that  no  trace  of  any  suoh  association 
of  typical  members  of  the  Oloisopterts  flora  with  northern  types 

»  ArlHir:   Q.J.G.S.,  1902,  vol.  hiii,  p.  12. 
-  Arber:  ibid.,  p.  17. 

^  Amalitsky:  Trav.  S«)C.  nut.  St.  P^tersbourg,  1898,  vol.  xx^iii.  ZeiUer:  Bull. 
S()C.  Hot.  Fr.,  1899,  vol.  xlv,  p.  392. 

*  Arb<T:   ibid.,  v.  17. 

^  Stwurd  :   Fo8m^  Plants,  vol.  i,  p.  293. 

•  Zi-iller:  Bull.  Soc.  j^*ol.  France,  1895,  8er.  nx,  vol.  xxiii,  p.  601. 
■  Seward:  Q.J.G.S.,  1897,  vol.  liii,  p.  316. 

^  Arber:  Geol.  Mao..  1901,  Dec.  IV,  Vol.  VIII,  p.  54G. 
"  Potonie :  Sitz.  Genell.  naturt.  Freundc,  Berlin,  1899,  p.  27. 
»"  Zeiller :  Ann.  Mines  (8),  M^m.,  1883,  vol.  iv,  p.  594. 
**  Seward:  ibid. 
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liM  oyer  been  demonstrated  in  the  Permo-OarboniferooB  rooks  of 
that  oontinent  Northern  types  have,  howeyer,  long  been  known 
to  ooonr  in  Australia  in  Pre-Oarboniferoas  times.*  The  remarkable 
abaenoe  of  snob  assooiation  has  reoentlj  been  called  into  question. 
In  discossing  a  paper  on  some  AustnJian  plants,  which  I  laid 
before  the  GheologioEd  Society  recently.  Professor  Boyd  Dawkins^ 
stated  that  he  had  himself  observed  the  assooiation  of  QloBBopteris 
and  Lepidodendran  in  New  South  Wales.  On  inquiry,  I  found  that 
Professor  Boyd  Dawkins  had  no  specimens  to  bring  forward  in 
mpport  of  his  assertion,  but  he  kindly  gave  me  particulars  of 
the  locality  in  which  he  stated  such  association  occurred,  with 
full  liberty  to  make  use  of  the  information.  The  horizon  in 
qaesdon  was  the  kerosene  shale  beds  about  six  miles  from  Hartley, 
on  the  railway  between  that  place  and  Lithgow,  and  to  the  west 
of  Wallerawang.  Inquiry  was  kindly  made  into  this  matter  for 
me  by  Mr.  Dun,  of  the  (Geological  Survey  of  New  South  Wales. 
He  writes  that  such  an  association  is  at  present  quite  unknown 
in  this  or  other  districts  of  Australia.  The  Oeological  Survey 
have  just  completed  the  survey  of  the  Lithgow -Wallerawang 
diatriot,  and  have  collected  many  hundreds  of  plant-remains  from 
these  rooks,  without  a  trace  of  a  Lepidodendron  or  other  northern 
^pe.  Neither  the  Survey,  nor  the  Australian  (Sydney)  Museum 
colleotions,  contain  any  specimens  showing  such  an  association  of 
northern  and  southern  forms,  as  Professor  Dawkins  stated  oocarred 
in  the  rooks  of  New  South  Wales. 

The  remarkable  absence  of  northern  types  from  the  Fermo- 
Oarboniferous  rocks  of  Australia,  and  especially  the  ahsence  of 
representatives  of  the  group  Lycopodiales,  would  tend  to  show 
that  Australia  was  at  that  time  far  removed  from  land  connections 
with  the  northern  continent.  It  is  possible  that  an  association  of 
OloBMopteris  and  some  Lycopod,  such  as  Lepidodendron  or  Sigillaria, 
may  eventually  be  discovered  in  that  continent,  but  for  the  present 
there  is  no  evidence  that  any  such  assooiation  occurs  there. 


IV. — ^Thb  Ptbenees  at  the  last  Geological  Congress. 
By  V.  "W.  Stuart- Mexteath,  A.R.S.M. 

IN  recently  completing,  in  the  valley  of  St.  Girons,  and  with  the 
cordial  assistance  of  M.  Caralp,  a  pedestrian  exploration  of 
the  Pyrenees,  of  which  the  first  results  appeared  in  the  Bull.  Soc. 
Bamond  of  1866,  it  occurred  to  me  that  my  view  of  the  recently 
published  Compte  Rendu  and  the  Livret  Guide  of  the  Geological 
Congress  might  be  useful  to  foreign  geologists. 

Two  Pyrenean  excursions  are  described.  That  conducted  by 
M.  Lacroix  is  an  example  of  the  application  of  microscopic  study 
in  Paris  to  the  confirmation  of  the  observations  of  the  colleagues 
of  their  author.  He  admits,  in  the  recently  published  Compte  Rendu, 
that  these  results  are  mistaken  in  regard  to  the  age  of  both  granite 

1  Camithcrs:  Q.J.G.S.,  1872. 

*  A.rber:  U.J.G.S.,  1902,  vol.  h-iii,  p.  27  ((liscusrjion) . 
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and  ophite,  and  that  his  sapposed  proofs  of  the  Jarassio  age  of  the 
latter  are  the  illusions  which  Pyrenean  geologists  have  long  mala- 
tained  them  to  be.  The  traditions  of  Pjreuean  exploration  mnm 
1819,  which  are  more  important  than  any  pnblished  work  tbft 
M.  Lacroix  has  utilized,  have  as  usual  ended  by  removing  the 
illosion  of  first  impressions  in  his  oase. 

M.  Carez,  who  conducted  the  excursion  of  more  strictly  geologioil 
interest,  similarly  admits  the  contrary  of  what  he  baa  previooslj 
maintained  during  many  years,  but  unfortonately  be  bad  not  time 
to  apply  his  conversion  to  the  details  of  the  extensive  ground  with 
which  he  deals.  A  confused  and  contradictory  impression  wn 
hence  inevitable  regarding  the  most  accessible,  most  typioeJ,  and 
best  exposed  mountain  chain  in  Europe.  Had  Pyrenean  geologisti 
taken  any  part  in  the  work  of  the  Congress,  this  confusion  would 
have  been  removed  by  the  pointing  out  of  decisive  facts  wbidh  have 
been  ignored  in  attempts  to  controvert  their  results  and  to  supenedo 
their  traditions.  Practice,  as  opposed  to  theory,  would  have  been 
confirmed  in  a  fashion  detrimental  to  the  present  attempt  in  Paris  to 
substitute  the  theories  of  Suess  for  those  of  Elie  de  Beaumont  and 
D'Orbigny,  which  during  thirty  years  enabled  Parisian  geologisti 
to  dictate  the  results  admissible  from  every  local  observer.  The 
earlier  theories  perished  through  the  death  of  their  influential 
supporters,  and  because  their  mathematically  definite  outlines  plsoed 
them  in  sharp  opposition  to  observed  facts.  The  latter  disadvantage 
has  been  obviated  in  the  more  ingenious  conceptions  of  theorists  who 
are  usually  successful  in  avoiding  any  appeal  to  decisive  facts. 

The  detailed  map  and  sections  presented  by  M.  Carez  in  the 
Livrei  Guide  are  slightly  modified  reproductions  of  the  work  of 
Pyrenean  geologists,  selected  at  those  points  which  have  been  most 
completely  described  and  figured  by  them  in  print;  but  these 
rlocuments  were  produced  many  years  ago,  and  are  not  completed 
by  even  the  additional  facts  of  observation  which  were  known  to 
their  authors  in  1866,  when  I  commenced  the  natural  development 
of  their  work  with  their  assistance  and  co-operation.  Thus,  at  Salies 
du  Salat  the  detailed  map  presented  is  arranged  to  produce  the 
belief  that  no  granite  exists  in  the  Cretaceous  and  that  the  salt 
deposits  belong  to  the  Trias  formation,  in  accordance  with  theories 
which  M.  Carez  has  opposed  to  nearly  all  the  authors  of  serious 
mapping  in  the  Pyrenees.  Yet  for  many  years  past  I  have  several 
outcrops  of  granite  marked  on  my  working  maps,  and  these  have 
been  described  by  Leymerie,  Garrigon,  Bleicher,  and  Pouech. 
Immediately  in  front  of  the  bridge  by  which  the  excursion  left 
the  town  of  Salies  the  granite  is  visible  to  right  and  left  for  over 
200  metres  between  Bout  du  Pont  and  the  Salt  Factory ;  and  to 
the  east,  between  Betchat  and  Jourdin,  it  forms  bosses  of  50  metres 
in  diameter,  well  exposed  on  the  left  bank  of  the  Lens  stream. 
If  any  foreign  geologist  will  visit  these  points  he  will  understand 
the  character  of  the  assertions  by  which  M.  Carez  has  nullified  the 
work  of  all  Pyrenean  geologists  during  the  last  twenty  years. 
M.  Koussel   has   recently  admitted  the  presence  of  the  intrusive 
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ranite  as  penetrating  the  Cretaoeous;   but  he  has  oonfused  the 
aestion  by  assuming  that  the  red  marble  produced  here  by  alteration 
f  the  Cenomanien  limestone  is  Devonian,  beiug  unacquainted  with 
tie  numerous  points  at  which  exactly  similar  marble  is  produced  in  the 
jrmer  formation  with  characteristic  fossils  in  the  Western  Pyrenees. 
Vo  recent  surveys  at  Salies  have  proved  to  me  the  identity  of  the 
Tound  with  that  of  Capvern.     As  regards  the  supposed  Trias,  its 
itroduction  by  M.  Carez  is  equally  theoretical.     The  fault  he  figures 
I  impossible,  and,  in  accordance  with  every  engineer  acquainted 
rith  the  plans  and  borings  of  similar  salt  deposits  throughout  the 
'yrenees,  I  regard  the  salt  as  Tertiary  and  connected  with  the 
phites.    It  occupies  a  crater  of  explosion,  excavated  to  more  than 
,000  feet  deep  across  all  the  rocks  of  the  district  older  than  the 
^ligooene,  and  has  been  deposited  in  that  crater  at  about  the  same 
me  as  the  more  lagunar  Oligocene  salt  of  the  entire  Spanish  slope 
f  the  Pyrenees.    The  red  marls  are  everywhere  an  accompaniment 
f  the  ophite  at  its  junction  with  any  formation  which  it  happens 
\  traverse.    The  map  of  M.  Carez  ignores  the  fact  that  extensive 
oloanic  breccias  extend  across  his  supposed  fault,  and  are  a  common 
laracteristio  of  the  entire   sub-Pyrenean   plateau,   of  which   the 
ivirons  of  Salies  are  merely  a  normal  specimen.     He  supposes 
are  an  island,  in  which  peculiarly  destructible  variegated  marls 
»ald  have  resisted  the  destructive  action  of  the  Cretaceous  sea, 
hile  at  the  Pic  de  Bugarach  he  refuses  to  recognize  such  an  island 
I  a  mass  of  peculiarly  tough  dolomite.     Yet  no  such  islands  can  be 
loognized  in  the  neighbourhood  of  Salies,  while  they  are  admitted 
•  exist  at  three  miles  from  the  Pic  de  Bugarach.     The  most  striking 
lalogies,  as  well  as  every  detail  of  the  ground,  are  ignored  in  the 
leory  presented  to  the  Congress.     The  progress  of  Pyrenean  geology 
IS  been  hampered  at  every  point  by  similar  attempts  to  discredit 
1    local  research  by  the  hasty  reproduction  of  its  incompletely 
iblished  results. 
The  prolongation  of  the  rocks  of  Salies  is  presented  by  M.  Carez 

Capvern,  where  the  concealing  diluvial  sheet  of  the  Lannemezan  is 
moved  from  the  underlying  rook  plateau.  Here  he  admits  the 
resence  of  granite,  because  the  main  road  between  the  two  thermal 
itablishments  is  cut  through  its  ramifying  veins.  But  he  assumes 
lat  the  rocks  which  these  veins  cut  must  be  Triassic,  and  states 
tat  the  granite  "  seems  ante-triassio.''  Off  the  high  road  I  have 
und  a  granite  vein  of  less  than  four  feet  in  thickness,  and  exposed 
ong  about  a  hundred  yards,  at  700  metres  north-west  of  the  castle 
'  Mauvezin,  cutting  vertically  through  the  entire  Flysob,  which 
ith  characteristic  composition,  structure,  and  fucoids,  forms  the 
hole  district,  resting  on  the  Cenomanien  limestone,  precisely  as 

Salies  and  in  the  entire  sub-Pyrenean  plateau.  No  practical 
K>logist  visiting  Capvern,  with  these  indications,  can  fail  to 
cognize  the  volcanic  breccias  intercalated  in  the  Flysch,  which 
test  the  Cretaceous  age  of  the  intrusions. 

A  few  miles  to  the  south-west,  at  Ossun,  Ade,  Jules,  etc.,  M.  Carez 
iw  admits  that  both  granite  and  ophite  penetrate  the  same  Cretaceous 
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rooks,  while  M.  Laoroix  admits  the  same  in  the  Compie  Bendrn  of 
the  CoDgress.  In  the  BuUeiin  8oc.  OeoL  of  1896  M.  Carez  pnbliahed 
elaborate  maps  and  sections  representing  the  said  Cretaoeoos  u 
Cambrian  and  Silurian,  in  explicit  oontradiotion  of  all  preriou 
work  on  the  subject.  As  at  Oapvem,  his  sole  reason  was  the  theory 
that  granite  oannot  penetrate  the  Cretaceous.  To  my  objection  th^ 
the  slates  of  Lourdes,  thus  figured  as  Silurian,  contain  abondtat 
AmmoniieB  Deshayesi  and  three  eloeely  allied  species  which  commonly 
accompany  that  Ammonite,  he  replied  by  assuming  inexoossble 
blunders  of  surveying,  and  by  stating  in  the  name  of  M.  DonvilU  that 
my  determination  of  the  A.  Ihshayesi  was  a  palsdontologioal  blonder 
(Bull.  Soc.  GeoL,  1897,  p.  463).  In  the  Zivrei  Guide  he  states  thst 
the  Ammonites  Ikihayeei  was  determined  by  M.  Donvill^,  while 
"  other  authors  '*  quoted  "  a  whole  series  of  distinct  species."  He 
unfortunately  only  recognized  this  Ammonite  in  a  single  quany 
where  I  had  thrown  aside  about  two  hundred  specimenB»  amoogit 
which  I  bad  found  the  three  species  or  varieties  which  enabled  me 
to  confirm  my  determination  of  the  Ammonites  Deshayesi,  in  spite 
of  its  close  resemblance  to  unnamed  species  of  the  Liaa  slates  of 
La  Spezia.  It  is  unfortunate  that  the  interests  of  M.  Cares  should 
completely  mislead  the  Congress  regarding  everything  oonoemed 
in  a  case  strictly  analogous  to  that  of  Capvem,  where  he  agiun 
repeats  his  method  of  reforming  the  facts  of  observation. 

Together  with  the  representation  of  the  Aptien  as  Middle  Silurian 
and  the  Flysch  as  Cambrian,  M.  Carez  presented  in  1896  a  repro- 
duction of  the  panoramic  view  of  M.  Jacquot,  represented  as  a  section 
of  the  Biarritz  coast.     As  at  Capvem,  he  assumes  the  rocks  beside 
the  ophite  to  be  Lias.     I  have  repeatedly  proved,  by  both  maps  and 
fossils,  that  these  rocks  are  the  base  of  the  Eocene,  normally  over- 
lying the  Danien  along  at  least  150  kilometres.     My  observations 
were  confirmed  in  great  detail  by  the  Staff  Officer  in  charge  of  the 
topogi'aphical  mapping  of  the  district,  in  BtdL  Soe.  GeoL  of  1893. 
and   the   points   left  obscure  by  him   have   since  been  completed. 
M.  Carez  ignores  the  whole  of  this  work.     He  represents  quartz 
crystals  in  the  Eocene  as  dipyre  of  the  Lias,  and  reproduces  a  fault 
which  Jacquot  logically  assumed  in  the  belief  that  the  coast  between 
Fontarabia  and  St.  Sebastian  is  a  reappearance  of  the  Cretaceous 
outside  the  Danien.     I  proved  this  coast  ridge  to  be  Eocene  by 
a  map  in  the  Compies  Bendua  Ac.  Sc.  in  1894,  and  by  Nummulites 
described  in  Bull.  Soc,  GeoL  of  the  same  year.     It  is  unfortunate  that 
M.  Carez  does  not  understand  the  ordinary  proof  of  a  fault,   but 
always   introduces   faults  as   imaginary  lines  which,  if  traced  on 
a  map,  justify  his  reproducing  that  map  as  an  original  production 
by  the  author   of  the   fault.      His   arrangement  of  the  rocks  at 
Biarritz  has  naturally  led  to  one  of  those  monstrous  paradoxes  of 
stratigraphy  which  have  become  a  speciality  in  the  hands  of  M.  Marcel 
Bertrand.     I  will  only  here  remark  that  M.  Bergeron  figures  beneath 
the   Danien   the   same  supposed  Trias  which  M.  Carez  figures  a^ 
above  it,  and  whose  position  above  the  Danien  is  explained  elaborately 
by  MM.  Bertrand  and  Michel-Levy.    Numerous  borings,  to  which 
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'.  have  attended  for  maDy  years,  and  the  aoourate  plans  which  they 
lave  involved,  prove  the  normal  soocession  which  I  have  already 
nentioned  as  prevailing  along  150  kilometres  right  and  left  of  the 
ihifUng  sands  that  frequently  ohscare  the  Biarritz  coast. 

Here  I  must  pass  on  to  the  remaining  sections  presented  to  the 
Ilongress.     In  these,  the  best  work  of  Pyrenean  geologists  has  been 
iltered  by  the  method  of  M.  Carez  so  as  to  confirm  the  paradoxes 
>f  M.  Marcel  Bertrand.    Until  his  recent  treatment  of  the  Biarritz 
XNwt  these  sections  of  the  Pic  de  Bugarach  were  the  only  example 
In  the  Pyrenees  of  that  stratigraphy  which  M.  Bertrand  has  described 
IS  typical  in  mountain  chains.     As  published  in  the  BtdUtin  des 
Services  of  1889  M.  Carez*  sections  appeared  conclusive.    In  January, 
1901,   my  account  of  a  careful  examination  of  the  ground  was 
suppressed  by  the  SociHi  Giologique;    but  a  brief  summary  was 
reacued  and  read  by  M.  de  Lapparent  in  November,  1900,  and  is 
printed   at  p.   837  of  the   Bulletin  of  that  year.      Since    then 
If.  Carez  has  admitted  in  the  Bulletin  des  Sertficea  of  May,  1901, 
p.  65,  that  his  chief  proofs  of  abnormal  carting  of  Urgonian  limestone 
over  Senonian  marls  are  mere  blunders  of  surveying.     He  had  here, 
as  in  other  cases,  drawn  sections  along  the  strike  of  the  rocks,  and 
arbitrarily  assumed  that  outcrops  of  intercalated  Hippurite  limestone 
were  superposed  blocks  of  Urgonian.     It  is  the  habitual  employment 
of  such  methods  of  proving  the  paradoxes  in  question,  that  renders 
all  criticism  of  them  obnoxious  and  enables  it  to  be  suppressed  aH 
polemical.     Worse   examples  could    be  cited   in  abundance,   but 
would  inevitably  be  useless  where  verification  on  the  ground  can 
be  evaded.     Under  the  guidance  of  the  Congress  by  M.  Carez,  the 
proofs  which  he  has  since  repudiated  must  have  appeared  conclusive. 
although   the  only  proof  which   he   now   maintains   would   have 
appeared  obviously  inconclusive.     The  section  in  the  Livret  (hiide 
represents  the   ridge   north  of  Bugarach  as   faulted   and   broken, 
although   it  is  a  completely  visible   normal  anticline,  as  correctly 
figured  by  M.  Roussel.     The   latter  observer,  having  studied  the 
ground  in  great  detail,  has  at  all  points  refuted  M.  Carez.     But 
it  is  enough  to  say  that  the  Pic  de  Bugarach  is  a  Palaaozoic  island 
rising  out  of  a  mantle  of  Upper  Cretaceous  deposited   around   it. 
This  is  proved  by  the  fact  that  a  similar  island,  admitted  to  be  such 
by  M.  Carez,  rises  out  of  the  same  mantle  at  three  miles  to  tho 
north,  while  other  islands,  which  M.  Carez  formerly  misinterpreted 
and  has  been  induced  to  admit,  similarly  protrude  to  the  south  and 
west.      The  relations  between  these  islands  and  their  mantle  are 
precisely  analogous  to  those  of  the  Pic  he  still  refuses  to  comprehend. 
The  only  pretext  for  any  supposed  difference  lies  in  the  absence  of 
fossils  in  the  Pic  de  Bugarach,  and  in  the  presence  of  some  encrusting 
patches  of  Cretaceous  on  its  surface.     The  section  of  the  Pic  pre- 
sented to  the  Congress  is  purely  ideal,  it  does   not  even  attempt 
accuracy  as  regards  the  outward  outline,  its  representation  of  tho 
Cenomanien   is   in   defiance  of  its   visible   arrangement,   and    the 
mere  notion  that  such  sections  can  decide  points  of  extreme  delicacy 
in  stratigraphy  is  an  outrage  on  practical  geology  which  M.  Carez 
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has  repeated  throoghoat  his  entire  work  in  the  Pyrenees.  It  ii 
remarkable  that  snch  work  has  been  habitnallj  selected  as  oon- 
firmation  of  the  paradoxes  of  M.  Marcel  Bertrand,  and  bas  been 
habitnally  opposed  to  sections  of  extreme  accnracy  on  a  tme  sosle. 
The  work  of  Sness  is  in  great  part  founded  on  generalisatioiiB 
derived  from  compilations  of  snch  sections,  and  his  latest  volame  ii 
unfortunately  concerned  with  regions  where  such  data  cannot  be 
verified  and  controlled  in  the  manner  which  I  have  found  possible 
elsewhere.  In  the  Mining  Journal  of  November  30,  1901,  I  have 
given  my  latest  results  of  such  verification ;  and  sucb  work,  however 
obnoxious  to  theorists,  seems  to  me  incumbent  on  practical  geologisti 
who  realize  the  importance  of  their  science  as  a  basis  of  industrial 
operations  rather  than  as  a  source  of  confirmation  in  questions  of 
controversial  theology. 

As  regards  the  excursion  from  Lourdes  to  Gkivamie,  I  may 
remark  that  in  1865  M.  Carez  obtained  from  me  a  map  of  the 
Western  Pyrenees,  from  the  ocean  to  the  valley  of  Lourdes,  whidi 
appeared  in  the  compiled  map  of  France  of  Oarez  and  Vasseur.    In 
the  BuU.  Soc.  GeoL,  1887,  p.  185, 1  protested  against  the  arbitrary 
introduction  of  a  mass  of  Silurian  as  overlying  the  Carboniferous. 
The  Survey  geologists  subsequently  confirmed  in  detail  the  structure 
of  the  district  in  question  as  I  had  described  it,  and  bence  the 
quotation  of  a  gigantic  stratigraphical  paradox  was  prevented  in 
this  instance,  although  M.  Carez  professed  inability  to  understand 
the  meaning  of  my  protest     Similarly,  the  official  geological  map 
of  the  Pyrenees,  published  in  1890,  represented  as  Cambrian  the 
vast  band  of  Upper  Cretaceous  which  I  figured  for  the  map  of  Cares 
and  Vasseur  between  Cauterets  and  the  Pic  D'Orhy.     This  contra- 
tliction,  vigorously  sustained  against  me  by  M.  Marcel  Bertrand 
in  November,   1887,  would  have   furnished  gigantic  examples  of 
the   charriages   to   which    the    latter    writer   attributes    mountain 
structure ;    but  as   his   reply   consisted   solely   in   insinuations  of 
ignorance,  and  as  I  have  since  repeatedly  proved  his  Cambrian  to 
be  Upper  Cretaceous  by  admitted  fossils  at  decisive  points,  it  has 
now  been  admitted  by  the  Survey  geologists  to  be  what  I  represented 
it.     Since  then  I  have  made  known  two  other  bands  of  Secondary 
rocks  in  the  Palsaozoic  of  the  official  map,  one  north  of  Gravamie 
and  one  running  east  and  west  of  Argeles.     Each  of  these  is  being 
now  vaguely  described  without  fresh  proof,  so  I  may  here  state 
that  I  have  found  five  Hippurites  in  the  band  of  Argeles  at  1,200 
metres  north-west  of  Arcisans-Dessus,  while  in  the  band  north  of 
Gavamie  I  have  found  the  same  Lias  corals  which  characterize  the 
base  of  the  Argeles  band  at  the  Col  d'Espandels  and  many  other 
points.     The  Congress  might  thus  have  remarked  that  the  Pyrenees 
resemble  the  Alps  in  presenting  interior  synclinal  bands  of  Secondary 
rocks  from  the  Trias  to  the  Flysch,  although  this  fact  is  deliberately 
contradicted  by  the  oflicial  geological  map  of  1890,  whose  errors 
are  reproduced  in  that  of  Europe  which  confirms  the  theories  of 
M.  Bertrand.     It  is  an  instructive  fact  that  the  attempts  to  introduce 
the  charriage  theory  in  these  cases,  as  at  the  Pic  de  Bugarach,  are 
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preventing  the  publication  of  the  details  which  the  most  experienced 
jceologists  of  the  Pyrenees  have  been  long  accumulating  regarding 
the  real  structure  of  the  most  typical  and  best  exposed  mountain 
chain  in  Europe.  Before  even  the  most  salient  facts  of  that  chain 
have  been  permitted  to  appear  in  the  ordinary  and  essential  channels 
of  geological  documentation,  a  theory  of  mountain  structure  derived 
from  the  elaborate  compilation  of  Suess  has  been  made  the  criterion 
of  fact  and  based  upon  the  selected  errors  of  writers  who  have 
obtained,  on  various  pretexts,  portions  of  the  work  of  practical 
geologists  in  the  Pyrenees.  The  entire  opportunity  of  verification 
afforded  by  the  Congress  has  been  subordinated  to  the  interests 
concerned.  International  co-operation  in  such  matters  may  only 
tend  to  confirm  attempts  to  override  observation,  and  to  silence 
those  who  have  acquired  the  long  preliminary  practice  required  to 
correct  the  illusory  and  perspective  impressions  of  mountain  structure. 
Parisian  geologists  apparently  fail  to  realize  the  inconvenience  of 
vast  innovations  in  maps  whose  freedom  from  theoretic  conjectare 
has  frequently  cost  the  sacrifices  of  a  lifetime. 

In  the  superficial  geology  of  the  Gkivarnie  valley  the  Congress 
was  equally  misled.  In  1866  I  proved,  in  the  Bulletin  SociSte 
Ramond,  that  the  conglomerate  of  the  Park  of  Pau,  previously 
described  by  Charles  Martins  and  others  as  a  moraine  of  the  Glacial 
Period,  was  situated  at  sixteen  kilometres  outside  of  the  extreme 
limit  of  the  moraines  of  that  period,  and  that  it  represented  the 
Oligocene  ice  of  the  Superga  of  Turin,  with  which  I  was  familiar. 
Charles  Martins  hastened  to  correct  his  conclusions ;  but,  assuming 
the  opposite  extreme  in  a  theoretical  map  of  the  glacier  of  Oavarnie, 
placed  the  upper  limit  of  that  glacier  at  fully  1,000  feet  below  the 
distinct  lateral  moraines  which  can  be  seen  to  the  north  of  Argeles 
by  any  observer  who  will  climb  the  mountains.  In  the  Bull.  Soc. 
Geol,  1868,  p.  697,  I  figured  a  great  fault  at  Gavarnie,  which  had 
been  overlooked  by  Dufrenoy.  This  was  adopted  by  Magnan,  and 
generalized  into  a  system  which  has  long  misled  observation. 
At  Gavarnie  that  fault  juxtaposes  a  character  of  erosion  which  is 
common  on  the  Spanish  side,  in  abrupt  contrast  with  the  very 
different  character  which  prevails  in  the  French  Pyrenees.  The 
Gavarnie  valley,  in  receding  rapidly  through  the  greater  erosion 
on  the  moist  and  snowy  French  slope,  has  abruptly  entered  the 
Cretaceous  and  Tertiary  sheet  of  the  Spanish  side.  The  same 
circumstance  accounts  for  the  peculiar  scenery  of  other  Pyrenean 
valleys,  but  at  Gavarnie  it  is  accentuated  by  the  prominence  of 
the  fault  and  the  considerable  drainage  of  the  lofty  Mont  Perdu. 
It  is  unfortunate  that  personal  (questions  should  prevent,  at  every 
}>oint,  the  clear  recognition  of  the  facts  of  Pyrenean  geology,  owing 
to  the  manner  in  which  their  history  has  been  altered  in  Paris  in 
defiance  of  both  documents  and  dates.  The  briefest  statement  of 
observations  might  have  removed  difficulties  that  have  hampered 
progress  for  thirty  years,  liad  such  statement  not  been  rendered 
olmoxious  by  previous  misrepresentations  which  it  is  impolite  to 
notice   and    unpleasant   to   explain.     In   welcome   confirmation   of 
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oertaiii  theories  in  vogue,  a  complete  geology  of  the  Pyrenees  his 
been  developed,  to  which  no  Pyrenean  geologist  can  oontributd 
without  abandoning  those  habits  of  cautious  statement  which  are 
essential  to  the  integrity  of  his  work. 

NoTB. — Since  the  above  was  posted,  in  January  last,  the  pointi 
described  have  been  largely  discussed  in  Parisian  publications.  It 
is  admitted  that  the  granite,  ophite,  and  supposed  Trias  are  above 
and  not  beneath  the  Cretaceous.  It  is  hence  assumed  that  thaj 
mnut  he  abnormally  carted  caps  of  those  ancient  formations.  l%e 
entire  evidence  of  their  age  being  admittedly  false,  that  age  b 
maintained  by  a  paradox  that  contradicts  every  detail  of  the  district. 
There  could  be  no  shadow  of  doubt  that  they  are  beneath  the 
Oenomanien,  were  it  not  that  they  are  frankly  eruptive,  and  at 
Salies,  as  at  a  hundred  other  points,  flanked  by  lentiles  of  emptiTe 
breccia  intercalated  in  the  Cretaceous  Flysch.  In  the  Alps,  the 
abnormal  carting  of  the  Br^che  du  Chablais  is  similarly  assumed* 
to  save  the  assumption  that  its  volcanic  vents  are  Triassto  by 
micrographic  theory.  M.  Marcel  Bertrand  regarding  the  Alps,  and 
M.  Haug  regarding  the  Pyrenees,  have  propounded  theories  before 
visiting  either  chain.  Since  first  exploring  the  rocks  of  Salies  witb 
the  assistance  of  Leymerie  in  1866,  I  have  endeavoured  to  sacrifice 
all  theory  to  observation.  Unless  practical  geologists  cease  to 
despise  controversy,  they  will  find,  like  myself,  that  any  mention 
of  their  work  is  an  outrage,  and  that  any  field  survey  is  intolerable 
polemics.  The  entire  geology  of  Asia  having  been  yesterday  re- 
formed from  Vienna,  similar  treatment  of  Alps  and  Pyrenees 
is  inevitable.  It  is  easier  to  silence  all  local  observation  than  to 
repeat  its  task. 

V. — Contributions  to  South  African  Petrography. 

By  F.  r.  Mexnell,  F.G.S.,  Curator  of  the  Rhodesia  Museum,  Bulawayo. 

IT  is  remarkable,  considering  the  enormous  development  of  igneous 
rocks  in  South  Africa,  that  so  little  has  been  written  concemiD^ 
the  features  they  present  in  the  field  or  under  the  microscope.    Bight 
away  from  Cape  Town  into  the  tropics,  plutonic  masses,  dykes,  ami 
lava-flows  interrupt  the  continuity  of  the  sedimentary  deposits  with 
astonishing  frequency.     Some  of  these  rocks,  like  the  Cape  Town 
granite  and  dolerite,  are  probably  of  pre-Silurian  age  ;  *  others,  likt^ 
the  Kimberley  lavas,  were  erupted  during  the  Secondary   period : 
while  others,  again,  like  the  dykes  and  lavas  of  the  Zambesi  Valley, 
are  probably  of  late  Tertiary  or  even  geologically  recent  date,  as 
evidenced  by  the  numerous  geysers  and  hot  springs-  which  repre- 
sent the  final  phase  of  not  long  antecedent  volcanic  activity.     They 
appear  to  bear  tho  same  relation  to  the  volcanoes  of  Central  Africa 
as  the  British  Tertiary  lavas  do  to  those  of  Iceland. 

'  Tliey  an;  overlniii  uiicoiiti»rmal)lv  by  a  thick  I'omiatum  \>hiih  is  itM-li  tihlor  \\\.\. 
tho  earli('**t  IfW'^iliiiTitu^  l).(N  (JJcvonfaii)  (»f  South  Airic-a. 

2  See  Ferirustni  on  the  irov^inj  ot  the  Zambe.<i  ami  Kalul  Vallev*,  Thk-.  IUukIc-Ih 
Sci.  A'^^or./llXVi. 
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In  the  present  cbaotic  state  of  petrological  nomenclature  it  is 
necessary  to  explain  the  significance  of  the  terms  employed  in 
describing  the  rocks.  No  system  of  classification  can  be  regarded 
as  wholly  satisfactory,  but  it  certainly  seems  hopeless  to  rely  on 
such  features  as  the  presence  or  absence  of  particular  minerals. 
Such  a  course  brings  together  types  which  differ  widely  in  chemical 
composition,  and  separates  others  which  are  chemically  and  geneti- 
cally closely  related.  In  the  brief  notes  which  follow,  the  grouping 
depends  solely  on  mode  of  occurrence  and  chemical  composition, 
a  method  of  classification  which  appears  to  be  steadily  gaining 
ground  owing  to  its  simplicity.  The  significance  of  the  nomen- 
clature, which  accords  strictly  with  the  classification  adopted,  will 
be  readily  perceived  from  the  foUowiug  table,  names  in  general  use 
being  employed  as  far  as  possible  and  simply  endowed  with  greater 
precision.  In  individual  cases  the  name  of  the  most  characteristic 
mineral  is  prefixed  for  purposes  of  distinction. 

Plutonic 

Eruptivb  Intrusive  ( =  Rock  consolidated 

(=  J^va- flows).  (=  Dyke  rocks).        at  great  depths). 

Acid    Uhyolite        ...  GniuonhjTc  ...        Granite 

iSub-acid     ...         Tra'chj-to        ...  Felsopliyre  ...         Syenite 

Sub-ba.sic    ...         Andesitc         ...  l*oq)hyrito  ...         Diorite 

Basic   Basjdt            ...  Dolerite  ...        Gabbro 

With  these  preliminaries  we  may  pass  on  to  the  rooks  themselves. 
In  South  Africa  as  elsewhere,  acid  lavas  and  basic  plutonio  rocks 
are  rare,  while  basic  lavas  and  acid  plutonio  masses  are  developed 
on  an  enormous  scale.  The  only  rhyolite  which  has  come  under 
my  notice  occurs  near  the  Express  Mine  in  the  Umniati  district 
of  Mashonaland.  It  shows  sparingly  distributed  phenocrysts  of 
hornblende  and  orthoclase  felspar  with  rarer  quartz,  set  in  a  glassy 
groundmass  crowded  with  globulites,  margarites,  and  longulites. 
Partial  devitrification  is  evidenced  by  a  cloudiness  between  crossed 
nicols,  but  there  are  no  signs  of  spherulitic  structures.  Ilmenite  and 
brilliantly  polarizing  sphene  occur  as  accessories,  but  neither  is 
abundant. 

Sub-acid  lavas  appear,  like  the  rbyolites,  to  be  poorly  represented, 
and  I  am  not  able  to  refer  any  rocks  to  this  division  with  anything 
like  certainty.  There  are  also  a  number  of  lavas  probably  belonging 
to  the  andesites,  but  in  the  absence  of  analyses  discrimination  from 
the  basalts  is  a  matter  of  considerable  difliculty.  A  *melaphyre'* 
from  the  Kimberley  Mine  at  Kimberley  belongs,  however,  to  this 
class.  It  is  a  fine-grained  aggregate  of  lath-shaped  felspars  with 
some  interstitial  chlorite,  etc.,  which  may  partly  represent  originally 
vitreous  material.  Some  of  the  felspar  is  luitwinned,  and  is 
probably  orthoclase,  while  the  twinned  crystals  seem  to  be  andesine. 
There  is  no  porphyritic  constituent,  and  the  amygdaloidal  cavities, 
which  are  lined  with  chlorite  and  filled  with  chalcedony  or  with 
calcite,  are  the  most  interesting  ieature  of  the  rock.  Another  and 
rather   more   basic   andesite  occurs   interstratified  with    sandstone 

^   This  is  (►bviouslv  a  difftmit  rock  to  that  de^cribtd  bv  Stolzncr. 
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tX  Tsba  s'lndooa,  a  cooBpicaoas  hill  about  12  mileB  north  of 
BnUirayo.  The  under  part  of  the  flow  ia  highly  atnjgdaloidal,  but 
the  Booriaoeoua  upper  portion  wu  evidently  denaded  off  be&in 
the  deposition  of  the  overlying  rock.  Sections  from  the  cmmpact 
parta  of  the  duuib  show  it  to  be  made  np  of  lath-sbaped  felspar  witL 
mncb  lets  abundant  granular  angite.  Glomero-porphyritio  aggregate* 
of  larger  felspars  are  distributed  through  the  mass,  and  magnetila 
ooonra  as  an  accessory. 

We  now  come  to  the  basalts,  and  here  our  only  difficnity  is  ens 
of  seleotion.  Undoubted  lava-flows  are  not  partioularly  oommon 
in  Cape  Colony,  but  further  north,  and  especially  in  the  Zambeii 
Valley,  they  are  developed  on  an  extensive  scale.  A  roc^  fiom 
Livingstoue  Island  at  the  Victoria  Falls  may  be  takea  as  typical. 
It  shows  a  flow  structure  which  is  by  no  means  so  clear  under  ths 
microscope  as  on  a  puliiibed  surface,  but  is  indicated  by  the  dis- 
tribution of  coarse- ^''''ined  glomero-porphjritic  aggregates  of  augite 
and  labradorite.  llie  bulk  of  the  rock  is  a  granular  mixtore  of 
augite,  plagioclase,  and  magnetite,  with  some  interstitial  matter, 
the  opbitic  structure  uot  being  developed  in  any  of  the  specimeDs 
I  have  examined  from  this  extensive  nrea.     Anollier  example  from 


the  north  bank  of  tlie  river  nt  tlie  FhIIs  ie  not  eo  fresb,  but  otbcrwini) 
quite  similar.  Some  varieties  are  higlily  araygduloidal,  the  cavities 
being  flllcd  with  pectolito  nnd  other  zeolites  as  well  as  calclttf. 
agates,  etc.  The  individual  flows  can  frequently  bo  distiuguisbtil 
by  the  occurrtnco  of  bands  of  these  nmygdulcs  nt  intervals  in  the 
great  masses  of  lava.  A  specimen  from  tbe  Dukka  River  on  the  Fallt 
Boad  presents  some  interesting  features  (Fig,  1).  Resinous -looking' 
crystals  of  felspar  are  ubvious  to  tlie  naked  cyo ;  indeed,  ihev 
occasionally  attain  a  length  of  \  inch,  and  under  tbe  microscop« 
these  are  seen  to  form  part  of  glomero-porphyritic  abrogates  which 
also  comprise  good-sized  crystals  of  colourless  augite  and  a  few 
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rounded  grains  of  olivine,  this  being  the  only  oase  in  whioh  I  am 
able  to  reoord  olivine  from  the  rocks  of  the  Zambesi  Valley.  The 
gproundmass  is  largely  of  the  usual  type,  a  granular  aggregate  of 
lath-shaped  felspar,  augite,  and  magnetite,  but  there  is  also  a  con- 
siderable amount  of  glassy  material,  whioh  is  either  brown  in  colour 
and  isotropic,  or  bright  orange,  with  an  imperfect  spherulitic  structure 
between  crossed  nicols. 

Though  by  no  means  the  most  abundant  type.  South  Africa 
affords  some  good  examples  of  olivine  basalt  A  beautiful  one  ^ 
occurs  amongst  the  rocks  which  surround  the  volcanic  pipes  of 
the  Kimberley  diamond-mines,  from  which  they  were  no  doubt 
originally  extended.  It  is  holocrystalline,  with  a  well-marked 
ophitic  structure,  and  I  know  of  no  rock  in  which  the  distinction 
between  olivine  and  the  pyroxenes  is  so  well  indicated.  Both  augite 
and  enstatite  are  present,  and  their  cleavages  are  well  developed, 
pinacoidal  ones  being  shown  by  both  rhombic  and  monoclinic  variety 
in  addition  to  that  parallel  to  the  prism.  Twinning  is  very  common, 
and  the  felspars  penetrate  the  crystals  in  all  directions.  The  olivine, 
on  the  other  hand,  shows  distinctly  higher  refraction  and  stronger 
double  refraction  than  the  pyroxenes,  and  the  absence  of  cleavage  is  in 
striking  contrast  to  its  conspicuous  development  in  their  case.  It  occurs 
in  rounded  grains  and  granular  aggregates,  which  are  not  as  a  rule 
penetrated  by  the  felspars,  and  are  traversed  by  irregular  cracks, 
sometimes  rendered  more  apparent  by  incipient  serpentinization, 
though  in  no  case  has  this  proceeded  far.  The  felspars  give  lath- 
shaped  sections  showing  repeated  twinning,  and  evidently  belong 
to  a  variety  near  anorthite,  the  maximum  extinction  angle  being 
about  40°.  There  are  also  larger  allotriomorphic  crystals,  which  arc 
untwinned  but  are  strongly  zoned  in  layers  of  different  composition. 
Bather  large  irregular  granules  of  ilmenite  are  somewhat  sparingly 
distributed,  and  perofskite  also  appears  to  be  present  as  an  occasional 
accessory. 

We  now  come  to  the  consideration  of  the  dyke  rocks,  which  are 
more  evenly  distributed  among  the  various  types.  I  have  adopted 
the  term  granophyre  for  the  acid  division,  as  it  is  etymological  I  y 
a  highly  appropriate  term,  but  not  without  some  misgivings  owing 
to  its  having  unfortunately  been  restricted  by  many  authors  to  those 
rocks  in  which  the  groundmass  assumes  a  micrographic  structure. 
Quartz  felsite  would  perhaps  be  less  open  to  objection  in  some 
respects,  but  any  such  double-barrelled  expression  is  very  cumbrous 
when  a  prefix  becomes  necessary.  With  this  explanation  I  do  not 
think  that  my  usage  of  the  term  need  give  rise  to  any  misconception. 

Some  beautiful  granophyres,  in  the  ordinary  acceptation  of  the 
word,  occur  near  Fort  Gwelo  in  Matabeleland.  Large  phenocrysts 
of  felspars  (chiefly  plagioclase),  and  more  rarely  of  corroded  quartz, 
are  set  in  a  groundmass  which  is  partly  spherulitic  and  partly 
*  microgranitic..'  The  former  type  largely  predominates,  and  the 
spherulites  are  frequently  seen  to  be  composed  of  radially  disposed 

*  This  is  no  doubt  the  rock  referred  to  by  Protessor  Boiinev,  Geol.  ^[ao.,  1897, 
p.  449. 
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miorographio  intergrowths  of  quartz  and  felspar;  indeedi  under 
a  high  power  most  of  them  are  resolvable  into  mioropegmadta 
Large  flakes  of  biotite  occasionally  occur,  and  smaller,  Bometiinei 
idiomorphic,  crystals  of  hornblende  are  idso  present.  Both  feno- 
magnesian  minerals  are  somewhat  decomposedy  chlorite  and  osIoBb 
occurring  as  alteration  products.  The  felspars  are  beautifully  soned 
and  for  the  most  part  very  fresh.  They  frequently  form  a  nudeoi 
for  the  spherulites,  or  the  latter  may  diverge  from  their  angles. 

Another  type  of  granophyre  occurs  in  Northern  Bhodesia  (British 
Central  Africa),  near  the  junction  of  the  Ohibwe  and  Zambesi  Bivers. 
It  shows  good -sized  phenocrysts  of  felspar,  and  smaller  ones  of  quarts, 
set  in  a  purplish  groundraass.  It  bears  a  considerable  resemblanoe 
to  the  well-known  'quartz  porphyry'  which  occurs  so  abundantly 
as  boulders  in  the  New  Bed  Breccia  near  Teignmouth  in  South 
Devon.  The  groundmass  is,  however,  of  a  finely  granular  type,  and 
is  by  no  means  so  red.  Both  quartz  and  felspar  occur  in  idiomorphic 
but  corroded  crystals,  and  the  latter  seems  almost  entirely  referable 
to  microcline,  though  decomposition  has  obscured  the  cross-hatching 
in  many  cases.  Magnetite  and  sphene  are  abundant  accessories, 
while  there  are  also  occasional  prisms  of  zircon. 

At  Francistown,  in  Bechuanaland,  occurs  a  granophyre  in  which 
hornblende  is  the  principal  porphyritic  constituent  A  second 
generation  belongs  to  the  groundmass,  which  is,  however,  composed 
principally  of  quartz  and  felspar  with  abundant  apatite  and  sphene. 
The  quartz,  though  not  thoroughly  idiomorphic,  occurs  in  grains 
and  granular  aggregates,  and  almost  invariably  presents  convex 
boundaries  to  the  felspar.  Orthoclase  predominates,  but  twinned 
plagioclase  is  also  present. 

A  rook  which  has  quite  a  granitic  appearance  in  hand-s|>ecimens 
occurs  at  the  Dopodge  River  near  Waukie,  in  Northern  Matabele- 
land.  It  shows  large  porphyritic  felspars,  which  are  seen  under 
the  microscope  to  be  orthoclase.  They  are  frequently  twinned  on 
the  Carlsbad  plan,  and  often  show  rounded  inclusions  of  quartz. 
Plagioclase  is  also  present.  Both  muscovite  and  biotite  occur, 
sometimes  as  aggregates,  and  the  latter  is  largely  chloritized.  The 
groundmass,  which  does  not  make  up  a  very  large  bulk  of  the  rock, 
is  partly  miorogranitic  and  partly  niicropegmatitic.  In  the  latter 
case  the  quartz  is  of  what  has  been  called  the  'vermicular'  type, 
being  rounded  and  showing  a  wavy  outline  in  longitudinal  sections. 

The  designation  felsophyre  has  been  adopted  instead  of  the  very 
ambiguous  term  felsite  for  the  dyko  rocks  corresponding  to  the 
syenites.  A  number  of  the  * amygdaloidal  diabases'  and  'felsites* 
of  Cape  Colony  no  doubt  belong  to  this  division,  but  without 
chemical  analyses  it  is  difficult  to  assign  them  to  their  proper 
position.  A  large  intrusion  near  Belingwe,  in  Matabeleland,  may, 
however,  be  referred  here  with  some  certainty  (Fig.  2).  It  consists 
of  idiomorphic  felspars  (orthoclase  and  oligoclase)  imbedded  in 
a  *  felsitic '  groundmass,  stiiined  with  chlorite,  representing  the 
original  ferro-magnesian  mineral.  The  orthoclase  is  identified  by 
the  simultaneous  straight  extinction  of  the  two  halves  of  a  Carlsbad 
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ite  the  oligoolase  gJTeH  a  maximum  extinotioD  angleof  abont 
is  nearly  always  twinneil  on  the  peridine  as  well  at  the 
pe.  The  priara  facei  ara  well  developed,  eBpeoially  in  the 
«,  and  the  cryatala  are  nsiinliy  elongated  in  the  direction  of 
cal  axia.  A  few  frrains  of  ilmenite  ooour  in  the  gronndmaM. 
rock  from  Belingwe  Riny  l>o  referred  to  the  porpliyritea. 
■y  similar  to  the  lunt  in  apjienrance  and  strnoture,  hut  is 
f  more  baeic.  AmIeMne  is  llie  predominant  porphyrido 
ind  patchea  of  chlorite  appear  to  represent  a  ferru-magneBiaii 
at  which  was  also  possibly  purphyritic.  Numerons  grannlea 
tene  indicate  the  presence  of  original  ilmenite.  and  apatite 
ITS  in  ghortiab  prisms.  Epidote  and  oiloite  are  deoom* 
prodoots. 


■preBcuteil  by  a  specimen  from 
a^gregKtu  of  fuir-aized  lath- 
elspars,  with  elongated  cryHlnlsof  augite,  largely  chloriti zed, 
of  ilmenite,  small  bnt  numerous,  aui]  n  good  deal  of 
The  last  is  of  quite  u  bright  green  iwlour  and  perfectly 
,  but  it  encloses  niinibcrH  of  minute  colourless  sphemlites, 
ever  give  a  black  croHS  in  polarized  light,  but  show  an 
n  curve  exactly  siuiiltir  to  the  '  liruKlics '  of  n  biaxial 
nee  figure.  The  fel^tpar  i<i-t-nis  to  lie  mostly  anduxine.  Like 
the  South  African  dyke  rocks  this  exiiitiple  is  amygdaloidaL 
/gdules  are  almost  opbtriciil  as  a  rule,  and  aro  made  np 
e  and  quartz.  somctiiueM  intonuixud,  with  a  border  of 
leochroic  chlorite.  (JryntaJH  of  pyrites  occur  ah  inclusions 
Icite. 

>w  come  to  the  do^cvit<'^^.  which  present  great  diversity  of 
I.  Glossy  examples  oi.'oin'  ;it  the  Criti'rlon  Mine  not  far 
awayo  and  at  the  Itonsor  Mine  in  the  Sehikwo  district  of 
hind.     At  the  fanner  locality  the  intrusion  appears  to  be 
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completely  glasay.  It  ia  considerably  altered,  being  praotically 
■  'pftlagouite,'  but  tbe  mass  of  the  rock  is  quite  ieotropio,  tboagh 
it  IB  crowded  with  oryBtallites  (longulitca)  and  minute  Bpeoki  of 
magnetite.  It  shows  oocoeional  rather  irregular  spbemlitei.  At 
the  BouBor  Mine  the  glass  foniiB  the  margin  of  an  intraaion  into 
quartz  schiBt,  and  becomes  rapidly  more  crystalline  and  apparentJj 
also  more  basio  as  it  is  traced  from  the  oontact.  About  an  inti 
from  the  edge  it  is  dark  brown  in  oolciir,  and  crowded  with  crystallittt 
and  tiny  microliles.  It  shows  also  idiomorphio  phenooryats  of  angite 
and  more  or  lees  corroded  felspar,  the  latter  evidently  a  baaio  vatie^ 
and  largely  oonverted  into  epidote. 

The  more  crystalline  vaiieties  are  asually  of  the  granular  type 
and  do  not  as  a  rule  contain  olivine.  The  dykes  which  pierce  ^ 
Cape  Town  granite  atlbrd  good  examples.  Tliey  couBiat  of  lath. 
shaped  felspar,  augite,  rarely  idiomorphic,  but  of  prior  consolidation 
to  tbe  felspar,  magnetite,  ilmenite,  and  a  little  interstitial  mattai. 
Chlorite  occurs  as  a  decomposition  product  of  tbe  augite.  The 
felspar  apptivrs  tu  bti  labrudorite,  aud  one  epecinien  of  tbe  rock  gavd 
a  silica  percentiige  of  ii:i-41.' 


A  very  similar  rock,  but  with  a  good  deal  of  glassy  matter,  pene- 

tiBtea  the  Matopo  granite  mass  near  Forest  Vale  (Fig.  3),  ThegUw 
is  brown  in  colour  and  niiilo  isotropic.  It  is  crowded  with  little  rodi 
of  magnetite,  very  long  and  thin,  while  skeleton  crystals  of  felsparan 
also  of  frequent  occurrence.  ^lagnetitc  is  very  abundant  all  througli 
tbe  rock  and  is  almost  invariably  idiomorphic,  little  octahodra  being 
common  which  are  frequently  gi-ouped  in  rows,  sometimes  apparently 
along  the  edges  of  a  uidie.  The  lath-uhaped  felspars  often  show 
bifurcated  terminations  and  inclusions  of  the  groundmaes.  Thia 
rock  is  near  the  margin  of  one  of  tbe  outliers  of  Tertiary  (') 
'  CoIkii;  X.J.  liiiMiii..  1-^71.  Sci:  al-n  Shan-:  Ttw.  S.A.  Phil.  Sue.,  v.J.  i. 
pt.  2  (IST'J),  [1.  .jy. 
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ttndstone  which  rest  unoonformably  on  the  Bulawayo  sohists  and  the 
marginal  portions  of  the  Matopo  granite  mass.  These  are  evidently 
of  the  same  age  as  the  coal  series  and  associated  beds  of  the  Zambesi 
Valley,  from  which  several  lavas  have  been  described.  A  dyke 
penetrating  the  sandstone  itself  at  Mafungaburi  Peak,  Matabeleland, 
IS  of  the  same  type,  but  contains  a  smaller  proportion  of  glass,  while 
the  crystalline  constituents  are  of  larger  size.  The  augite  is  frequently 
idiomorphic,  and  is  of  prior  consolidation  to  the  felspar.  Qood -sized 
rods  of  magnetite  are  abundant,  but  do  not  show  the  definite  outlines 
of  the  Forest  Yale  variety.  Another  rock  from  the  Zimba  River, 
Northern  Rhodesia,  is  holocrystalline  and  rather  coarser-grained. 
The  felspars  frequently  show  pericline  as  well  as  albite  lamellation, 
and  must  be  nearly  related  to  anorthite.  The  augite  occasionally 
shows  crystal  outline,  and  microlites  occur  as  inclusions  in  the 
felspar,  but  the  latter  sometimes  penetrates  the  larger  crystals. 
Bods  of  magnetite  are  freely  scattered  through  the  mass,  and  apatite 
is  also  present. 

A  transition  to  the  ophitic  structure  is  seen  in  a  specimen  from  the 
Waterworks,  about  4  miles  from  Bulawayo.  It  consists  of  large 
plates  of  augite,  for  the  most  part  in  a  beautifully  fresh  condition, 
and  very  decomposed  felspar.  It  seems  evident  that  the  augite 
originally  tended  to  be  porphyritic,  but  when  the  felspar  com- 
menced to  crystallize  out,  crystals  continued  to  grow  instead  of 
a  second  generation  forming  in  the  ground  mass.  This  is  shown 
by  the  fact  that  the  felspars  never  occur  as  inclusious  iu  the 
augite,  and  seldom  penetrate  more  than  a  very  short  distance  froni 
the  margin  of  the  crystals.  If  there*  was  originally  any  glassy 
matter  it  is  now  lost  in  the  confused  mixture  of  decomposition 
products  due  to  the  alteration  of  the  felspar.  Ilraonite  is  abundant, 
and  sometimes  shows  fine  examples  of  skeleton  crystals,  while 
a  colourless  mineral  with  very  strong  refraction  and  double 
refraction  is  probably  sphene. 

A  beautifully  fresh  ophitic  olivine  dolerite  occurs  near  Fort  Gwelo, 
Matabeleland,  on  the  Sebakwe  Road.  The  felspar  gives  the  usual 
lath-shaped  sections  in  most  cases,  and  frequently  shows  pericline 
lamellation.  The  augite  is  penetrated  by  the  felspar  in  all  directions, 
and  often  occurs  in  aggregates.  The  olivine  is  rarely  penetrated  by 
the  felspar,  and  shows  a  rougher  surface  and  higher  interference 
tints  than  the  augite.  The  cleavage  is  occasionally  shown,  and  tlie 
mineral  is  traversed  by  the  usual  irregular  cracks,  which  are  now 
and  then  rendered  more  prominent  by  incipient  serpentinization. 
A  curious  feature  is  the  enclosure  iu  tlio  olivine  of  small  crystals  of 
\  brownish  pleochroio  hornblende  with  well-developed  cleavage. 
A.  few  minute  flakes  of  biotite  also  occur.  Both  these  minerals  are 
usually  associated  with  grains  of  magnetite. 

Among  the  plutonic  rocks  the  granites  afford  examples  of  a  number 
)f  varieties.  The  coarse-grained  biotite  granite  of  Cape  Town  has 
joen,  described  by  Cohen  ^  and  others,  so  that  it  is  needless  to 
enumerate  its  normal  features.     One  variety,  however,  seems  worthy 

1  N.J.  fur  Mm.,  1874. 
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of  mention,  a  graphic  modification  with  tourmaline  as  an  abondut 
accessory.  The  latter  mineral  seems  to  be  intergrown  with  tin 
felspar  in  a  similar  way  to  the  qnartz.  It  is  a  yellowish  varietj 
without  marked  pleochroism,  and  the  interference  tints  are  not 
masked,  as  is  often  the  case,  by  the  strong  absorption.  It  mij 
possibly  be  regarded  as  having  replaced  quartz,  but  it  seems  mora 
likely  that  the  intergrowth  is  more  apparent  than  real,  and  is  dw 
to  the  penetration  of  the  mineral  into  cleavage  cracks  in  the  already 
consolidated  felspar.  A  graphic  granite  from  Northern  Rhodesia, 
al)out  midway  between  Kalomo  and  Monze,  may  also  be  noticed. 
IMie  felspar,  which  builds  pink  crystals  several  inches  in  length,  if 
microcline.  The  qnartz  does  not  occur  in  well-defined  skeletoa 
crystals,  but  gives  a  somewhat  irregular  wavy  longitudinal  sectioD 
and  a  rounded  transverse  one.  Occasional  small  flakes  of  mnscovite 
are  present. 

The  great  granite  mass  of  the  Matopos,  which  forms  the  backbone 
of  Southern  Matabeleland,  presents  some  interesting  features.    The 
normal  granite  in  hand-specimens  closely  resembles  the  Dartmoor 
rock  (e.g.  that  of  Hay  Tor).     In   a  rather  fine-grained  example 
from  the  Khami  Valley  the  dominant  felspar  is,  however,  seen  under 
the  microscope  to  be  microcline.     It  is  obviously  the  last  product 
of  cry  stall  ization,  as  it  even  encloses  the  small  patches  of  micro- 
pegmatite  which  occasionally  occur.     Orthoclase  and  oligoclase  are 
also  present,  the  former  being  apparently  the  felspar  of  the  micro- 
graphic   intergrowths.     Biotite  is  the  ferro-magnesian  constituent 
Sphene   and   apatite  are  the  accessories.      Near  Bulawayo,  which 
is  situated  on  the  contact  zone,  the  rock  assumes  a  very  different 
aspect.     The  structure  is  decidedly  gneissic,  and  the  felspars  are 
flesh-colonred.      The  appearance   of  foliation   is  probably  due  to 
movement  before  complete  consolidation  (Fig.  4).     This  seems  to  be 
implied  by  the  granulation  of  the  quartz  and  microcline^  and  the 
absence  of  deformation  in  the  minerals  of  prior  consolidation.    It  does 
not  do.  however,  to  place  too  much  reliance  on  this  feature,  for,  as 
I  have  previously  •  pointed  out,  it  is  precisely  these  minerals  which 
most  readily  yield  to  the  effects  of  pressure,  and  the  quartz  may 
he  completely  granulitized  before  the  other  minerals  are  appreciably 
affecte(J.     Hornblende  is  liere  the  dominant  ferro-magnesian  con- 
stituent, though  biotite  is  present  in  most  slices.     In  the  pegmatite 
veins  which    ramify  thron<;h  the  mass  and  are  obviously    of  late 
consolidation,  microcline  takes  the  place  of  the  other  felspars,  bat 
in  the  normal  rock  orthoclase  seems  to  be  rather  more  abundant 
and  oligoclase  frequently  forms    large  pseudo-porphyritic  crystals. 
Sphene,  apatite,  and  zircon  are  all  fairly  abundant,  the  two  former 
building  rather  large  crystals. 

The  syenites  are  represented  by  what  I  may  term  the  Hillside 
intrusion,  three  miles  from  Bulawayo,  wliich  is  of  so  much  interest 
that  I  hope  to  describe  it  fully  in  a  future  paper.     I  may  mention, 

^  Sic  M  :r^r;i]i(iii  oi!  tliL"  L'li'  i--«>^L*-;^rauilv  «»t  the  Jliiiuilayus,  Cieol.  Mao.,  IS'jT, 
I'p.  :m .')-:!.■).'!. 

^  **  'I'hf  (*oi)iKr-lK;irin.L'  limk*-  oi  South  Australia  "  :   Brit.  A^mk-.,  1901. 
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however,  that  the  most  abunilant  variety  U  an  evea-grained  rook 
of  typically  granitic  itrooture,  but  entirely  destitute  of  quartz. 
The  felspar  is  almost  ezoluaively  microcline,  while  hornbleode  and 
augite  are  about  equally  abundant.  SpttsDe  ocoura  in  veiy  perfect 
jrellowiah  orystals,  while  apatite,  zircon,  and  magnetite  are  also 
present.  An  angite-diorite  occurs  as  a  basic  modification  of  the 
masa,  hot  more  typical  dioritea  occur  as  segregations  from  the 
Hatopo  granite  near  Bulawayo.  In  these  hornblende  is  the  ferro- 
magnesian  constituent,  while  microcline,  oligoctase,  and  orthoctase 
are  present  as  in  the  granite  itselT.  Apatite  and  sphene  are  very 
abundant,  and  often  form  large  though  somewhat  irregular  oryalaln. 
There  are  also  a  few  granules  of  magnetite. 


Numerous  intrusions  or  eegregatioiii)  of  gnbbro  occur  in  the  very 
interesting  plutonio  complex  round  the  Umniati  River  in  Maslionn- 
land.  One  example  from  the  Gnedyema  Koad,  north  of  the  Sarui 
Birer,  is  a  beautifully  fresh  rock  made  up  entirely  of  augite  and 
felspar.  The  structure  is  typically  granitic  and  the  grain  coarse  and 
even.  There  is  not  a  single  grniii of  magnetite  present,  and  the  rook 
is  consequently  remarkably  light- coloured  for  so  basic  a  variety.  Most 
of  the  augite  shows  diallaj^ic  strintion  and  sohilleriKation.  duo  to  tlm 
presence  of  two  sets  of  rather  large,  regularly  arranged  iiitluMions. 
The  felspar  is  evidently  nenr  anorthite,  giving  symmetrical  ex- 
tinctions up  to  37°.  Specimens  from  three  other  Incniities  in  the 
same  district  have  cliaracteristics  which  seem  to  be  due  to  the 
iufluence  of  the  rocks  into  which  they  were  intruded.  In  one  from 
the  Sarui  River,  enstatite  is  the  most  abuudiint  fcrro-mn^nesiau 
constituent.  It  occurs  in  elongated  crystals  of  con  side  ruble  sizf; 
and  is  partially  altered  to  serpentine.  Augite  is  nisi)  ciimmou,  and 
often  shows  good  cleavage  and  a  hnsal  striation.  This,  combined 
with  twinning  on  the  orlhopitincoid,  gives  riso  to  gnod  examples 
of  the  '  herring-bono '  structure.      Kepeated  twinning  is  also  well 


366  S,  S.  Buchiian — River  DevehptnenL 

Hhown,  one  large  crystal  being  divided  into  six  eqaal-sized  lamella. 
The  felspar  is  allotriomorphio.  It  forms  large  grains  whioh  exhibit 
Carlsbad,  albite,  and  pericline  lamellation.  The  extinction  angls 
rises  to  at  least  30^.  Small  flakes  of  biotite  and  granalee  of  ilmemto 
are  present.  A  little  quartz  also  occurs,  chiefly  as  micropegmatita. 
A  specimen  from  the  Gwelo-Selukwe  Road  shows  more  abimdaiit 
biotite  in  small,  very  pleochroio  flakes.  The  dominant  feno- 
raagnesian  mineral  is,  however,  aug^te,  in  which  the  herring-bone 
structure  is  almost  always  shown.  A  little  enstatite  and  hornblende 
are  present,  the  latter  sometimes  bordering  the  augite.  The  plagio- 
clase  evidently  approaches  anorthite  in  composition,  and  forms 
larger  grains  than  the  other  constituents.  Ilmenite  sometiiiMi 
builds  good-sized  irregular  granules,  while  quartz,  chiefly  in 
micrographic  intergrowth  with  felspar,  is  sparingly  distributed. 
A  specimen  from  another  locality  is  remarkable  for  the  abandanoe 
of  strikingly  pleochroio  yellowish  biotite,  so  that  it  may  be  described 
as  a  biotite  gabbro.  Hornblende  is  also  present  and  sometimes 
borders  the  augite.  In  other  respects  the  rock  is  similar  to  the 
two  previous  varieties. 

Though  somewhat  rare,  as  in  other  parts  of  the  world,  ultrabasio 
rocks  are  widely  distributed  in  South  Africa.  They  have,  indeed, 
received  more  attention  from  European  geologists  than  any  of  the 
other  divisions.  The  breccia  and  eclog^te  of  Kimberley  and  of 
.Tagersfontein  in  the  Orange  River  Colony  are  so  well  known  that 
it  is  needless  to  do  more  than  mention  them.  The  very  interesting 
melilite-bearing  rock  from  the  Spiegel  River  in  Cape  Colony, 
described  by  Professor  Cohen, ^  provides  the  only  instance  of  the 
occurrence  of  a  felspathoid,  other  than  nepheline,  in  our  province, 
though  leucite  basalts,  etc.,  have  been  recorded  from  Kilimanjaro 
in  Central  Africa.  Picrites  have  been  described  from  the  Transvaal 
and  elsewhere  by  various  writers,  so  I  will  confine  myself  to  a  brief 
mention  of  a  rock  from  Porselt's  Vlei  on  the  road  from  Inciza  to 
Helingwe  in  Southern  Matabeleland.  It  is  very  coarse-grained  and 
of  a  uniform  dark-green  colour.  Olivine  appears  to  be  the  sole 
<'ORstituent,  as  iron-ores  are  conspicuous  by  their  absence,  and  there 
arc  no  indications  in  thin  section  which  would  lead  one  to  suspect 
the  presence  of  any  other  ferro-magnesian  mineral.  The  rock  is 
beautifully  fresh  and  quite  free  from  even  incipient  serpent inizatioD. 
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l)v  S.  S.  BucKMAx,  F.G.S. 

N  the  Quarterly  Journal  of  the  Geological  Society,  May,  1902, 
vol.  Iviii,  p.  207,  Mr.  A.  Strahan  has  a  paper  on  the  "Origin 
of  the  River-System  of  South  Wales,  and  its  Connection  with  that 
of  the  Severn  and  Tliames."  It  is  with  the  part  of  the  paper 
expressed  in  the  latter  portion  of  the  title  that  I  am  more  par- 
ticularly concerned;   for  in  that  connection  Mr.  Strahan  remarks 

'  T.M.M.,  IsUl.  p.  is^.     See  also  Ann.  llcp.  Cnpo  Gcul.  Comm.,  1898. 
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a  footnote  (p.  219),  '<The  theories  put  forward  by  Mr.  S.  S. 
3kmaii  in  Proc.  Cotteswold  Nat.  Field  Club,  vol.  xiii  (1900), 
L75,  following  the  lead  of  Professor  W.  M.  Davis,  appear  to  me 
transgress  the  limits  of  legitimate  speculation."  It  seems  rather 
iouB  that  in  a  paper  like  this  there  is  no  further  referenoe  to  the 
rk  done  by  Professor  Davis,  no  attempt  to  consider  his  views, 
y  a  dismissal  of  them,  implied  in  the  rejection  of  the  views  which 
lave  advanced  in  accordance  with  his  teaching,  which  views,  by 

way,  I  gave  in  more  detail  in  Natural  Science,  April,  1899, 
.  xiv. 

lowever,  we  are  bound  to  infer  from  the  manner  of  Mr.  Strahan's 
idemnation  that  his  own  theories  are  within  the  limits  of 
itimate  speculation.  Let  us  see  how  far  they  bear  investigation, 
rhe  author  postulates  an  anticline  of  the  Chalk,  with  a  Caledonian 
ad,  more  or  less  coinciding  with  the  present  escarpment  in 
dction.     How  far  to  the  north-west  of  the  present  escarpment  it 

he  does  not  indicate  ;  in  this  matter  he  is  vague.  Only  he  tells 
that  "  The  rivers  rising  in  the  low-lying  [sic]  Oolite  region  flow 
tward  against  the  general  run  of  the  country  [stc]  ....  and 
re  initiated  on  an  eastward  slope  of  Chalk,"  etc.  Therefore  the 
icline  must  have  been  situated  at  least  as  far  north-west  as  the 
)  of  the  present  Oolite  escarpment.  Evidence  he  gives  in  a 
tnote  :  **  The  existence  of  certain  valleys  breaching  the  [Chalk] 
eurpment,  but  not  now  occupied  by  streams  is  explained  by 
>f.  Gregory  on  the  supposition  that  they  carried  the  drainage 
m  that  part  of  the  Chalk  plain  which  has  perished."  Quite  so ; 
nted,  so  far  as  to  say  that  the  breaches  were  made  by  rivers 
ving  off  high  ground  beyond  the  Chalk  escarpment — how  much 
it  was  Chalk  is  unimportant.  But  the  same  argument  applies, 
h  greater  force,  to  the  Cotteswolds.  The  breaches  of  the  Cottes- 
Id  escarpment  are  even  more  noticeable  than  those  of  the  Chalk, 
I,  as  I  pointed  out  before  I  had  heard  of  Professor  Davis  or  his 
ories,  these  breaches  must  have  been  cut  by  eastward -flowing 
9r8,*  an  idea  which  also  had  occurred  to  Dr.  T.  S.  Ellis  years 
►.*  These  rivers  must  have  drained  a  large  area  to  collect  the 
lessary  volume  of  stream  ^ — that  is  to  say,  Mr.  Strahan's  anticline 
aid  have  to  be  placed  well  to  the  north-west  of  the  present  Oolite 
arpment.  This  is  legitimate  speculation ;  because  Mr.  Strahan 
I  hardly  complain  if  the  same  argument  which  is  used  in  regard 
the  breaches  of  the  Chalk   escarpment  is  applied  to  those  of 

Oolites.  But  it  is  a  reductio  ad  absurdum  for  Mr.  Strahan's 
tention.  The  anticline  which  he  wishes  to  place  eastward  of  the 
'em  in  order  to  deflect  that  stream  must,  following  his  own  line 

Q.J.G.S.,  v«j1.  liii,  p.  &2G. 

I  have  •rivuu  an  account  of  all  ihU  in  my  ubove-montioncd  paper  iu  Natural 

nee. 

The  meander  curves  of  the  ('ott«"<\v«)l(l  valleys,  pointeil  out  to  me  by  Professor 

is,  lonu  the  stronj!:est  evidence  here,  and  1  am  afraid  Mr.   Strahan  does  not 

TeciiitAi  its   importance.       Hut   any   th'ury  of   riv«'r   ilevflopment  must  account 

these   meanders  ;  it  cannot  i^rnorc  ^l^  h  laets.     They  are  illustrated  in  my  two 

?rs  alK)Vi'  mentioned. 
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of  argument,  be  placed  to  the  west  of  the  Severn,  where  it  would 
fail  in  its  object. 

Certain  remarks  of  Mr.  Straban  now  call  for  notice.  He  speaks 
of  the  ''  low-lying  Oolitic  region.*'  But  the  Oolitio  region  of 
the  Cotteswolds  is  from  200  to  300  feet  higher  than  the  Chalk 
of  the  Chilterns  or  Berkshire  Downs.  He  speaks  of  the  rivers 
flowing  against  the  general  run  of  the  country.  But  they  do  not — 
they  flow  with  the  dip.  The  general  long  slope  of  the  ooantiy  is 
from  the  Oolites  to  the  Chalk. 

Further,  Mr.  Strahan  says,  ''The  Chalk  escarpment  now  forms 
the  main  water-parting  through  much  of  its  range  across  England" 
(p.  219).  But  in  his  map  he  shows  the  Chalk  escarpment  extending 
from  the  English  Channel  to  the  Wash,  about  210  miles ;  and  yet 
he  only  shows  the  coincidence  of  water-parting  and  escarpment  for 
some  40  miles.  These  are  not  matters  of  speculation,  they  are 
matters  of  fact. 

In  another  matter  of  fact  Mr.  Strahan  has  erred.  In  his  map 
(pi.  y)  he  has  placed  the  Vale  of  Moreton  in  the  wrong  plaoe,  on 
the  edge  of  the  Cotteswold  escarpment.  But  that  is  a  good  doxen 
miles  too  far  to  the  west.  It  is  very  convenient  for  his  theory,  bat 
then  it  is  wrong  in  fact,  and  wrong  facts  do  not  seem  to  be  a 
satisfactory  basis  for  legitimate  speculation.  As  a  matter  of  fact  the 
Vale  of  Moreton  is  on  the  east  of  the  Cotteswolds,  not  on  the  west ; 
it  is  a  good  dozen  miles  to  the  east  of  the  headwaters  of  the  Thames 
streams.  This  is  particularly  unfortunate  for  Mr.  Strahan's  theory. 
He  says  that  his  anticline  must  have  run  ''along  the  line  of  the 
water-parting.  Traces  of  such  an  anticline  have  been  detected  by 
Mr.  Buckman  in  the  Vale  of  Moreton.*'  But  put  the  Vale  of 
Moreton  in  its  right  place,  and  these  two  statements  are  flatly 
contradictory.  The  Vale  of  Moreton  is  not  along  the  line  of  the 
water-parting,  it  is  to  the  east  of  it.  And  if  the  anticline  of  the 
Vale  of  Moreton  had  had  any  appreciable  influence  it  must  have 
made  the  Cotteswold  streams  flow  westward,  not  eastward. 

Is  it  legitimate  to  quote  my  evidence  of  the  Vale  of  Moretou 
anticline  in  this  connection  ?  I  think  not.  The  anticline  of  whicli 
I  speak  in  the  paper  quoted  by  Mr.  Strahan  (Q.J.G.S.,  1901,  vol.lvii. 
p.  146)  is  relatively  a  very  small  one,  formed  in  Inferior  Oolite 
times,  denuded,  and  completely  covered  over  again  by  later  Inferior 
Oolite  rocks.  No  doubt  there  is  the  principle  ''  once  an  anticline, 
always  an  anticline  "  :  as  I  have  pointed  out  (p.  147)  evidence  of 
successive  movements  along  the  same  line  of  weakness  may  often 
bo  scon.  I  will  allow  Mr.  Strahan  to  make  what  he  can  of  this. 
He  is  seeking  for  an  anticline  with  an  axis  having  a  Caledonian 
trend.  The  Moreton  anticline  has  a  Malvernian  trend ;  it  is  a  feeble 
continuation  of  the  line  of  the  Pennine  range.  Therefore,  the 
Moreton  anticline  has  not  the  direction  Mr.  Strahan  requires ;  and. 
as  1  have  shown,  it  is  not  in  the  position  that  he  wants,  it  is  not 
where  he  has  marked  it  on  his  map,  and  it  does  not  coincide  with 
the  water-parting. 

It  seems  very  remarkable  that  for  an  anticline  such  as  Mr.  Strahan 
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poBtulates,  an  antioline  so  important  aa  to  have  divided  the  riven 
of  England  and  to  have  deflected  the  Severn,  there  should  be  no 
more  evidence  than  ''  traces."  If  there  were  sach  an  antioline  as 
Mr.  Strahan  snpposes  there  must  be  more  than  traces.  This  Chalk 
antioline  could  not  have  been  formed  without  the  upheaval  of  the 
nnderlying  Jurassic  rocks.  Therefore,  north-west  of  the  water- 
pariing,  that  is,  north-west  of  the  Cotteswold  escarpment  according 
to  the  theory,  the  Jurassic  rocks  should  dip  differently  from  what  they 
do  to  the  south-east  thereof.  A  very  little  upheaval  should  have  put 
them  level ;  a  little  more,  enough  to  make  an  anticline  sufficiently 
important  for  Mr.  Stratum's  purpose,  should  have  given  the  Jurassic 
ToSkB  a  decided  tilt  to  the  north-west.  But  the  facts  are  all  the 
other  way :  the  Jurassic  rocks  of  the  Severn- Avon  valley  dip  per- 
sistently to  the  south-east ;  they  dip  just  as  the  Oolitic  rocks  of  the 
Ck>tteswolds  do.  To  postulate  an  anticline  in  the  face  of  these  facts 
ought  to  require  a  robust  imagination ;  and  it  hardly  seems  desirable 
for  anyone  possessed  thereof  to  label  other  theories  which  do  at  any 
rate  fit  such  facts  as  these. 

Suppose,  however,  that  spite  of  the  dip  we  grant  the  required 
anticline.  What  happens?  Mr.  Strahan  says,  ''On  the  west  side 
[of  the  antioline]  the  rivers  are  deflected  to  a  south-westerly  course 
as  in  the  case  of  the  Avon  and  Severn,  or  to  a  north-easterly  course 
as  in  the  case  of  the  Ouse  and  Nen"  (p.  220).  Why  the  Ouse 
and  Nen,  when  they  rise  behind,  that  is  to  the  east,  of  where  the 
supposed  anticline  would  have  run  ?  It  sounds  rather  haphazard, 
this  parting  of  the  waters.  But  of  course  Mr.  Strahan  has  carefully 
considered  what  this  statement  iDVolves  before  making  it.  When 
the  rivers  come  into  the  syncline,  which  must  of  necessity  lie  to  the 
west  of  the  anticline,  they  still  obey  the  law  of  gravity  as  to  their 
further  course.  Some  flow  north-east,  some  south-west;  therefore 
the  syncline  must  have  dipped  in  these  two  directions  from  a  central 
axis  in  order  to  produce  this  phenomenon.  Here,  then,  is  another 
anticline  to  be  accepted,  one  that  must  have  been  approximately  at 
right  angles  to  the  other,  a  Charnian  antioline  this  time.  Mr.  Strahan 
does  not  say  anything  about,  nor  offer  any  evidence  for,  its  existence  ; 
yet  logically  such  an  anticline  is  an  absolute  necessity  to  justify  his 
statement. 

Suppose  we  accept  both  these  anticlines  and  see  what  the  position 
would  be.  We  have  a  Caledonian  anticline  with  a  syncline  to  the 
north-west  of  it;  this  syncline  dipping  south-west  and  north-east 
from  a  Charnian  anticline.  The  Caledonian  anticline  must  have 
been  similarly  affected.  Let  us  consider  the  Severn- Avon  part. 
We  have  on  the  south-east  of  these  rivers  an  anticline  running 
approximately  from  north-east  to  south-west,  and  its  axis  dipping 
south-west,  according  to  the  necessities  of  Mr.  Strahan's  hypothesis. 
What  happens  ?  Observations  on  any  good  road  which  runs  down- 
hill will  tell  us.  The  crown  of  the  road  is  the  anticlinal  axis, 
dipping  downhill ;  the  gutter  between  the  road  and  the  path  is 
the  syncline,  dipping  similarly.  From  the  crown  of  the  road  and 
from  the  path  the  water  cuts  channels  to  the  gutter,  not  at  right 
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angles,  as  it  would  if  the  axis  were  level,  but  in  a  direotioii 
intermediate  between  the  dip  of  the  longitudinal  axis  and  the  dip 
from  the  orown  to  the  gutter  (Fig.  1). 

The  same  thing  is  shown  even  better  in  a  courtyard  as  regaidi 
synclinio  drainage.  I  have  in  mind  the  Olose  at  Olouoeater,  when 
there  is  a  dipping  synoline  such  as  B,  with  oblique  lateral  channdf 
like  Jy,  D".  These  artificial  cases  would  have  shown  Mr.  StnJuB 
that  his  river  drainage  should  be  on  the  same  plan.  Bnt  he  ooaM 
have  verified  them  by  actual  examples  of  river  drainage ;  as  regardi 
the  anticline,  how  off  the  north  side  of  the  Mendip  axis,  whidi  nun 
approximately  west  to  east  with  east  dip,  the  streams  flow  nortii- 
eastward,^  or  how  off  the  east  side  of  the  Pennine  axis  the  streami 
like  the  Swale,  Ure,  Nidd,  Wharfe,  and  Aire  drain  approzimatdy 
south-eastward.  Or,  as  regards  a  synoline,  how,  in  that  to  the  north 
of  the  Pewsey  axis,  the  streams  from  north  and  south  nm  obliquely 
to  meet  in  the  synclinal  trough  of  the  Kennet-Thames. 
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Fio.  1. — Drainage  of  a  road  and  path.  A,  the  crown  of  the  road — the  antiduul 
axis,  dipping  south-east ;  B,  the  Adeline— the  gutter  between  the  road  A  and 
the  path  C ;  D,  D',  streams  draining  off  the  dipping  axis  at  oblique  angkd ; 
D',  I)",  streams  obliquely  joining  the  synclinal  or  trough  stream  of  the  gutter. 

Fio.  2.  —  Direction  of  tributaries  on  the  left  bank  of  Severn -Avon,  to  fulfil 
Mr.  Strahan's  hypothesis. 

Examples  of  drainage  show  conclusively,  then,  that  Mr.  Strahan's 
river-system  should  have  been  after  the  manner  depicted  in  Fig.  2 ; 
the  tributaries  draining  his  supposed  anticline  should  have  flowed 
obliquely.  But  the  facts  are  against  him  :  the  tributaries  on  the 
left  bank  of  the  Severn-Avon  have  not  the  direction  which  hii 
hypothesis  requires;  but  they  flow  in  a  peculiar  manner,  more  or 
less  against  the  direction  of  the  Severn  and  Avon  (Fig.  3). 

Now  these  tributaries  diverge  more  or  less  from  a  central  poiut ; 

*  S.  S.  Buckman,  **  Excursion  to  Dundry  "  :  Proc.  Geol.  Assoc.,  1901,  rol.  iTiii. 
pt.  4,  p.  157,  tig.  9. 
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they  diverge  towards  the  main  stream  instead  of  converging.  There 
are  two  explanations  of  such  divergence,  one  where  streams  rise 
from  a  central  domelike  elevation  and  flow  off  in  a  radial  manner ; 
such,  I  presume,  is  the  drainage  of  Dartmoor.  Bat  there  is  no 
evidence  for  any  domelike  elevation  in  the  north-west  Cotteswolds, 
and  moreover  the  other  rivers  of  the  district  do  not  accord  therewith. 
That  explanation  cannot  be  right  hera  The  other  explanation  may 
he  tried,  it  is  more  elaborate.  It  is  that  these  tributaries  of  the 
Severn-Avon  have  worked  back  in  and  now  occupy  valleys  which 
were  originally  marked  out  by  streams  that  flowed  in  the  opposite 
direction,  namely,  with  the  dip,  before  the  Severn  valley  had  been 
made,  and  these  streams  converged  to  join  the  Thames  river-system. 
This  theory,  says  Mr.  Strahan,  transgresses  the  limits  of  legitimate 
speoalation.  At  any  rate,  however,  it  has  the  merit  of  agreeing 
with  foots,  such  as  those  of  the  dip,  of  the  breaches  in  escarpments, 
of  the  river  distribution;  and  it  gives  a  logical  explanation  of 
river  phenomena.  It  supposes  an  original  river-system  flowing 
off  the  Palsdozoic  rocks  of  Wales  on  to  the  Secondary  rocks  of 
England,  catting  channels  in  Oolites  and  Ohalk  on  its  way  to  the 
sea.  An  analogous  condition  of  affairs  in  the  case  of  the  river- 
system  of  the  east  side  of  the  Pennine  range  can  be  pointed  to. 


Fio.  3. — Actual  directionfl  of  tributaries  on  left  bank  of  Severn-Avon. 

Fio.  4. — A  south -dipping  Malvemian  anticlinal  axis  —  outcrop  of  beds  1-4  after 

denudation.    A,  A,  line  of  outcrop  of  covering  bed  5  after  a  second  uplift  and 

denudation. 

The  main  features  of  the  theory,  rivers  flowing  with  the  dip,  the 
effect  of  differential  denudation,  river  growth  and  river  capture,  had 
occurred  more  or  less  independently  to  various  observers.  To 
Professor  Davis  belongs  the  great  merit  of  bringing  the  ideas  as 
it  were  to  a  focus,  giving  them  practical  application,  working  out 
a  definite  theory,  and  especially  pointing  out  the  evidence  for  river 
capture.  Following  his  lead  again,  I  may  now  give  the  theory 
application  to  the  district  under  discussion,  and  a  little  elaboration 
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at  the  same  time.  The  theory  poatulstoa  for  its  mtuo  featuTM  two 
well-known  anticlinal  ayatema,  the  b&okbone  of  Wales,  with 
approximately  nortfa-aouth  direction,  dipping  south  towards  tiw 
anioline  oonneoted  with  the  Sonth  Wales  Coalfield,  and  the  SonSt 
Walea-Mendip-Fewwy-Wealden  antiolioe,  with  approximately  west 
to  east  direction,  dipping  eaat.  Minor  antiolioes  may  be  diaiegarded 
for  the  preaent. 

When  an  anticline  of  Ualvemian  direction  dips  aonth  and  ■■ 
denndad  the  lines  of  oatorop  oonverge  aouthwarda  (Fig.  4,  t-4)-  If 
this  denuded  anticline  be  covered  by  a  later  deposit,  be  again  nplifted, 
and  denuded,  the  line  of  outcrop  of  the  later  deposit  will  diverge  men 
from  south  to  north  than  those  of  the  earlier  deposits  (Fig.  4,  A,  A). 
The  same  laws  will  apply  to  an  Annorioan  asia  dipping  east — tttin 
the  apex  of  Fig.  4  to  the  right  hand.  When  one  anticline  is  onMseil 
by  another  denudation   will  give  circular  to  ellipaoidal  lines  of 

■  rop,   the   •  ■         '  

ffeald. 


inn  a.\U  nod  enst-dipping  Ann' 

lid  \ie  pniduccd  nnd  the  dip  >t 

■y  liuts  tepreseut  the  ctreuniB.    Z,  Ibr 

'"•■•■™     (AnticlinnI  a^ii  nut  nwowuili 


Fro.  5. — Cumbinntion  ol  tiauth-dippiDE  Mulvi 

axis,  BhoninR  the  nick  outcrnpn'liich  1 

which  wauld  be  initiated.     Th( 

etreiini  which  di:vchi])cd  t<i  ticcnmc  thr  S«vi 

equil-eided.) 

Here  I  may  remark  that  a  good  example  of  a  system  of  anticlines 
oroaatog  one  another  at  right  angles,  and  also  of  carving  antioUnw 
on  account  of  lateral  thrust,  is  shown  in  the  mosaic  floor  of  the 
central  hall  of  the  Natural  History  Museum,  South  Kensington. 

Taking  the  two  anticlines  of  Malvernian  and  Armorioan  direction*, 
with  their  respective  south  and  east  dips,  combiuing  them  acccnling 
to  the  principles   laid  down,  allowing  for  three  main  overlaps — 
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post-Carboniferons,  post- JorasBio,  post^retaoeous — ^we  obtain  a  rook- 
8tmctiire  with  lines  of  outorop  arranged  as  in  Fig.  5.  Then,  if  we 
fill  in  the  names  of  the  Tarions  rooks,  we  shall  see  that  it  gives  as 
what  may  be  called  the  fundamental  plan  of  the  geological  stmotore 
of  Mid- Wales,  Mid-England.  In  a  generalized  way  it  aooords  with 
the  geologioal  map;  its  discrepancies  therefrom  are  no  more  than 
the  omission  of  minor  local  anticlines  would  account  for,  together,  of 
coarse,  with  local  curvature  of  anticlines. 

One  point  before  proceeding  further.  Apparently  Caledonian 
and  Chamian  directions  of  strikes  and  folds  are  not  strictly  due 
to  impulse  at  right  angles  to  the  respective  directions,  that  is,  from 
north-west  or  north-east,  but  they  are  the  immediate  result  of 
a  combination  of  the  north  and  south  with  the  east  and  west  linee 
of  foldings  which  are  dominant  in  the  Eastern  Hemisphere.  With 
a  Malvernian  axis  dipping  south,  Caledonian  direction  is  given  to 
the  outcrop  of  beds  on  the  east,  Chamian  to  those  on  the  west 
With  an  Armorican  axis  dipping  east,  Chamian  direction  is  given 
to  the  strata  on  the  north,  Caledonian  direction  to  the  strata  on 
the  south. 

We  have  already  seen  that,  from  a  dipping  anticlinal  axis,  streams 
run  in  an  oblique  direction.  Therefore,  from  the  east  of  the  south- 
dipping  Welsh  backbone  the  streams  would  first  run  obliquely — that 
is,  in  a  south-east  direction — at  right  angles  to  the  Caledonian  strike. 
From  the  north  of  the  east-dipping  Mendip-Pewsey  axis  the  streams 
would  run  north-eastwards  at  right  angles  to  the  Chamian  strike. 
In  all  cases  the  less  the  axial  dip  the  less  the  oblique  direction. 
Then  these  two  series  of  dip  streams  would  meet  together  in  the 
synclinal  trough  north  of  the  Mendip-Pewsey  axis,  in  the  line  of 
the  Eennet-Thames :  that  is  a  trough  stream.  Such  is  the  initial 
stage  of  river  development. 

The  second  stage  commences  when  the  covering  rook,  whatever  it 
may  be,  has  been  stripped  off  enough  to  expose  the  outcrops  of  older 
rocks ;  then  differential  denudation  begins ;  the  soft  rooks  are 
denuded  faster  than  the  hard  ones,  so  that  the  latter  are  left  to  form 
escarpments.  Strike  streams  are  started  along  the  outcrops  of  soft 
rocks ;  the  growth  of  strike  streams  results  in  river  capture.  There 
is  no  better  illustration  of  that  than  the  manner  in  which  the  dip 
streams  of  the  Cotteswolds  are  caught  by  the  strike  stream  which 
has  developed  along  the  line  of  soft  rocks  in  the  Vale  of  White 
Horse. 

The  third  stage  follows  on  the  capture  process — rivers  working 
back  against  the  dip  are  started  in  the  valleys  of  the  beheaded  dip 
strecons.  They  necessarily  follow  up  those  valleys  because  those 
valleys  are  the  lowest  ground,  made  so  by  the  original  dip  streams. 
So  the  phenomenon  of  breached  escarpments  with  the  water-parting 
in  the  low  ground  of  the  vedley  and  streams  flowing  in  opposite 
directions  from  that  parting  is  seen  to  be  exactly  the  result  of  the 
course  of  events  here  detailed. 

What  is  to  a  certain  extent  abnormal,  so  far  as  the  Severn  is 
concerned,  is  the  fact  of  its  being  an  invader  in  what  is  strictly 
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Thames  territory.  It  has  come  from  west  of  the  line  of  the  Welsh 
hackhone,  and  has  hroken  into  the  Thames  district.  A  stream  soeh 
as  that  marked  Z  in  Fig.  5  would  have  eaten  its  way  back  thimigfa 
the  anticlines  bounding  the  Thames  Basin,  beoanse  of  its  ability  to 
give  a  quicker  fall  in  a  shorter  distance ;  when  it  got  past  the  anti- 
clinal axis  and  into  the  soft  Trias-Lias  territory  its  oourse  would 
have  been  easy.  On  the  phenomenon  of  river-robbery  in  oonneotion 
with  an  anticlinal  axis  I  have  given  some  details  in  the  paper 
oondemned  by  Mr.  Strahan,  dealing  with  the  Salisbury  Avon  and 
the  Pewsey  anticline  (Proc.  Ootteswold  Olub,  1900|  voL  ziii,  p.  186). 
I  have  there  shown  that  above-ground  robbeiy  is  not  the  sole  method 
of  conquest ;  underground  robbery  is  an  important  feature,  preparing 
the  way  for  the  former. 

One  recommendation  of  the  theory  which  I  have  very  shortly 
epitomized  is  that  its  principles  are  applicable  to  all  river-systems ; 
whereas  Mr.  Strahan's  hypothesis  would  only  account  for  an  isolated 
case.  He  could  not  bring  in  an  anticline  to  account  for  every  strike 
stream,  nor  for  every  case  where  the  water-parting  happened  to 
coincide  with  the  escarpment.  So  be  would  have  to  bring  forward 
other  hypotheses ;  and  to  have  to  account  for  similar  phenomena  by 
dififerent  hypotheses  always  seems  rather  dubious. 

The  river-system  of  the  Paris  Basin,  for  instance,  can,  in  the  light 
of  the  theories  of  Professor  Davis,  be  read  just  as  easily  as  that  of 
the  Thames.  There  are  the  dip  streams,  such  as  the  Seine  and  its 
neighbours,  draining  from  Palseozoic  rocks  across  the  outcrops  of  the 
Secondary  strata  into  the  Tertiary  Basin.  Then  there  is  an  invader 
from  the  outside  comparable  to  the  Severn,  namely,  the  Loire,  which 
has  broken  through  the  Palssozoic  rocks  in  the  west,  has  found  its 
way  into  the  Seine  area,  and  has,  at  Orleans,  captured  the  Upper 
Loire,  which  was  evidently  once  a  river  of  the  Paris  Basin  system. 

And  now,  leaving  it  to  be  judged  whose  theories  transgress  the 
limits  of  legitimate  speculation,  perhaps  I  may  be  allowed  id 
conclusion  to  pen  a  few  axioms  of  river  development  which  do  not 
seem  to  be  rightly  understood. 

Di£ferential  denudation  has  so  altered  the  face  of  the  country  that 
what  appears  now  as  an  easy  course  for  a  river  would  have  been 
impossible  when  the  river  started. 

Escarpments  are  produced  by  the  removal  of  material.  This  is 
self-evident ;  but  the  logical  consequences  do  not  seem  to  be  appre- 
ciated— that  the  escarpments  were  not  in  existence  when  the  rivers 
were  initiated,  and  therefore  they  would  not  have  formed  any  barrier 
to  the  river  course,  much  less  the  formidable  barriers  which  they 
now  seem. 

Streams  which  run  down  a  slope  or  along  a  sloping  trough,  that 
is,  dip  streams  and  trough  streams,  are  the  only  two  kinds  of  rivers 
that  are  produced  ah  initio.  Strike  streams  and  anti-dip  streams  cannot 
be  produced  by  water  running  off  the  original  slope ;  they  are  only 
produced  on  the  secondary  slope  which  results  from  river  erosioD, 
and  they  have  to  grow  by  eating  backwards. 

Therefore,  the  Thames  caniiot  be  ^ven  a  strike  course  into  the 
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Wash,  aa  was  Baggested,  I  think,  by  ProBtwioh;  that  would  be 
equivalent  to  expecting  a  river  to  run  along  the  level  instead  of 
down  the  slope ;  nor  oonld  the  Upper  Severn  be  given  an  original 
oonrse  into  me  Dee,  suggested  by  Professor  Lapworth,  that  would 
be  almost  equivalent  to  asking  it  to  run  uphill. 

Bivers  may  abandon  the  hard  oourse  for  the  easier  one,  but  not 
the  easy  one  for  the  difficult  If  the  Thames  had  originally  gained 
the  sea  by  the  Wash,  and  the  Upper  Severn  got  to  the  Dee,  some 
particular  dammiog-up  theory  has  to  be  put  forward  to  account 
for  their  leaving  these  easy  courses  to  cut  through  the  Chalk  or 
Silurian  barriers  respectively.  That  is  to  say,  abnormal  conditions 
have  to  be  postulated  to  explain  a  common  and  normal  phenomenon. 
And  when  these  conditions  are  applied  to  other  cases  they  fail. 
Applied  to  the  Weald  they  would  mean  that  the  drainage  originally 
esoaped  vid  Hastings,  then  that  this  outlet  was  blocked  in  such 
a  peculiar  manner  as  to  cause  the  drainage  to  cut  several  separate 
and  independent  channels  through  the  Chalk  to  the  north  and 
south  of  the  Weald  I 


YII. — Obioin  of  the  Cbtstallinx  Limestones  of  Cbtlon. 
By  A.  E.  CoomababwAmt,  B.Sc.,  F.L.S.,  F.Q.S. 

IT  is  generally  supposed  that  the  crystalline  limestones  which 
occur  amongst  the  schists,  associated  with  orthogneisses,  in 
various  parts  of  the  world,  are  altered  sedimentary  limestones  whose 
accessory  minerals  and  crystalline  structure  have  been  developed  by 
simple  contact  and  dynamo-metamorphism  ;  and  no  doubt  many 
crystalline  limestones  are  of  sedimentary  origin,  and  owe  their 
peculiarities  to  these  agencies.  In  other  cases  the  peculiar  mode  of 
occurrence  of  such  rocks  or  their  manner  of  association  with  igneous 
rocks  (orthogneisses  or  nepheline-syenites)  has  led  to  the  suggestion 
of  other  theories. 

Professor  Hogbom  *  has  described  the  crystalline  limestone  which 
is  associated  with  the  elsdolite-syenite  of  Alno,  where  all  transitions 
occur  from  pure  limestone  to  calciferous  and  normal  elsdolite-syenite. 
Intergrowths  of  calcite  with  nepheline,  sdgirine,  and  felspar  were 
noted.  Professor  Hogbom  (p.  109)  thinks  that,  whatever  the  origin 
of  the  limestone  (it  seems  not  likely  to  be  an  altered  sedimentary 
one),  it  is  quite  certain  that  it  has  been  melted  and  taken  up  by  the 
magma  on  a  large  scale  without  decomposition,  and  that  on  con- 
solidation, calcite  has  crystallized  out  of  the  magma  in  just  the 
same  way  as  the  other  minerals. 

Professor  Judd  ^  has  suggested  that  the  crystalline  limestones  of 
Burmah  (which  in  many  respects  very  closely  resemble  those  of 
Ceylon)  result  from  the  alteration  of  the  basic  lime-silicates  of  the 
pyroxene-gneisses.  My  observations  show  that  this  is  a  theory  not 
applicable  to  the  crystalline  limestones  of  Ceylon.  This  is  shown 
by  the  field  relations  and  by  the  fact  that  the  Ceylon  granulites  are 

'  Geol.  Foren.  Stockholm.  Fiirh.,  1896,  vol.  xvii,  pp.  100  and  214. 
2  Phil.  Traiw.  Roy.  Soc.,  1896,  vol.  clxxxvii  A,  pp.  151-1^^. 
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almost  always  exceedingly  fresh.  The  oaloite  and  lime-silioatet 
found  near  the  junctions  are  not  the  result  of  alteration  of  minerili 
oomposing  the  granulites.  Contaot-metamorphic  relations  between 
the  limestones  and  granulites  are  everywhere  indicated. 

Dr.  Callaway  has  suggested  that  the  crystalline  limeetones  di 
Bodwrog  and  Forth  Ti^dcastell  in  Anglesey,^  and  of  Oeylon,'  may 
have  originated  by  "segregation  from  plutonio  rooks  daring 
deformation."  That  the  Oeylon  limestones  have  not  been  formed 
thus  is  shown  by  the  contaot-metamorphic  relations  between  them 
and  the  granulites,  and  the  freedom  from  deformation  of  the  latter, 
with  which  they  are  inseparably  associated. 

Mr.  Holland'  has  suggested  that  the  crystalline  limestones  of 
Burmah  may  have  existed  in  a  state  akin  to  fusion.  Oaloite  has 
been  claimed  as  an  original  mineral  in  nepheline-syenite  by  more 
than  one  observer.^  The  present  writer  has  described  what  is 
probably  an  original  intergrowth  of  calcite  with  quartz.* 

I  have  recently  given  some  account  of  the  ciystalline  limestones 
of  Ceylon,*  showing  that  a  vast  series  of  granulites,  various  in 
chemical  and  mineralogioal  composition,  is  there  most  intimately 
associated  with  a  smaller  but  widely  distributed  series  of  crystalline 
limestones  occurring  in  bands  of  various  widths,  whose  foliation 
(dependent  on  variations  in  coarseness  of  grain,  structure,  and 
mineral  composition)  is  parallel  to  that  of  the  granulites  and  to  the 
boundaries  between  the  two  rooks.  The  contact  phenomena  and  the 
transitions  between  the  two  types  of  rook  are  also  described. 

As  to  the  real  origin  of  these  limestones,  not  very  much  oan  be 
said.  We  might  regard  them  as  altered  sedimentary  or  even 
tufaoeous  rooks,  whioh  the  intrusive  granulite  has  melted  and 
partially  absorbed.  The  wollastonite-soapolite  gneisses  of  Galle 
might,  on  this  supposition,  result  from  the  total  absorption  of 
a  large  mass  of  limestone  by  the  granulites.  It  may  be  objected, 
however,  that  there  is  little  or  no  evidenoe  of  the  existence  of  other 
altered  sedimentary  rocks  such  as  would  probably  have  accompanied 
the  limestone,^  and  that  the  limestones  occur  in  di£ferent  areas, 
sometimes  abundantly  and  in  wide  bands,  sometimes  in  narrow 
bands  far  removed  from  other  rocks  of  the  same  sort 

*  Rep.  Brit.  As«oc.,  1887,  p.  706. 
-  Geol.  Mao.,  1902,  p.  285. 

3  Mem.  Geol.  Surv.  India,  1901,  vol.  xxx,  pt.  3,  p.  17/). 

^  Holland :  Mem.  Geol.  Surv.  India,  loc.  cit.,  p.  197.     Adams :  Amer.  Journ.  Sci., 
1894,  vol.  xlviii,  p.  14. 

*  Quart.  Journ.  Geol.  Soc.,  1900,  vol.  Ivi,  p.  606,  also  pi.  xxxiii,  fig.  1. 
^  Quart.  Journ.  Geol.  Soc.,  1902,  vol.  Iviii,  p.  399. 

"^  I  have  met  with  rocks  almost  composed  of  dark  mica  in  one  or  ti^vo  localities 
(Yatirawana,  near  Wattegmna,  and  Talbot  Town,  GaUe^  associated  with  the 
granulites.  Almost  any  mineral  occurring  in  the  granulites  may,  however,  be 
sometimes  met  with  in  this  way  as  a  main  constituent  oi  a  local  variet}'.  It  is 
however,  quite  true  that  some  varieties  rich  in  garnet  and  biotitc  are  not  altogether 
unlike  much  altered  sedimentary  rocks,  though  I  do  not  myj*elf  re^rd  them  a^  such. 
Lacroix  has  described  some  rocks  in  which  andalusite,  sillimamte,  and  corundum 
occur,  but  unfortunately  the  localities  in  Ceylon  arc  unknown.  Possibly  these 
minerals  indicate  the  existence  of  altered  sedimentary  rock?,  but  this  is  by  no  means 
necessarily  the  ease. 
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Whatever  their  original  character  may  have  heen,  the  limestones 
must  have  existed  hefore  the  iDtrusioD  of  the  granulites.  I  think  it 
is  dear,  however,  that  in  their  present  condition  the  two  rocks  are 
'  oontemporaneous/  and  this  is  shown  by  their  intimate  associations 
and  similar  behaviour,  and  by  the  transitions  from  one  rock  to  the 
other  which  sometimes  occur.  I  suggest  that  the  limestones  them- 
selves  have  existed  in  a  state  akin  to  fusion  ^  and  have  behaved  much 
as  igneous  rocks,  and  that  the  carbonates  entering  into  the  con- 
•titntion  of  the  granulites  near  the  contacts  are,  as  they  appear  to 
be,  original  minerals.'  That  the  limestones  have  existed  in  a  state 
akin  to  fusion  is  shown,  I  think,  by  the  appearances  of  flow-structure 
(foliation),'  the  occasional  porphyritic  structure,  the  aggregates  of 
accessory  minerals  (which  correspond  perhaps  to  the  basic  secretions 
of  some  igneous  rocks),  the  intergrowths  of  calcite  and  dolomite, 
and  by  the  field  relations  of  the  limestones  and  chamockite  series. 
The  accessory  minerals  have  crystallized  out  as  if  from  a  magma. 
The  limestones  may  have  been  softened  before  the  intrusion  of  the 
granulites  (which  greatly  exceed  them  in  amount),  or  have  become 
so  as  a  result  thereof.  Each  rock  has  been  a£fected  near  the  contact 
by  the  absorption  of  material  from  the  other,  the  granulites  showing 
the  more  conspicuous  modifications.  This  transference  of  material 
is  shown  in  the  granulites  near  the  junctions  by  the  appearance 
of  minerals  rich  in  lime,  such  as  scapolite,  sphene,  diopside, 
phlogopite,  and  calcite,  and  in  the  limestones  by  the  appearance  of 
minerals  such  as  diopside,  amphibole,  phlogopite,  and  spinel,  and 
very  rarely  scapolite  and  felspar.  The  common  occurrence  of  spinel 
as  a  contact  mineral  seems  to  result  from  the  appropriation  of  all 
available  silica  in  the  formation  of  lime-silicate  minerals,  leaving  the 
oxides  to  form  spinel. 

The  whole  process  must  have  taken  place  under  conditions  of 
great  pressure.  Differential  movements  during  consolidation  have 
produced  the  conspicuous  foliation.  To  some  extent  the  limestones 
and  granulites  have  been  rolled  out  together  during  consolidation, 
and  in  this  way  sills  of  granulitic  rock  in  the  limestone  have  been 
broken  and  portions  separated,  sometimes  as  lenticles  continuing 
along  the  strike  the  unbroken  portions  of  the  sill,  sometimes  to 
form  irregular  patches  or  snaky  twists  of  pyroxenic  rock  in  the 
limestone,  sometimes  to  be  found  as  quite  isolated  masses,  surrounded 
by  the  enclosing  limestone. 

To  summarize,  I  wish  to  suggest — 

(1)  That  contact- me  tamo  rphio  relations  between  the  limestones 
and  the  chamockite  series  are  everywhere  clearly  indicated. 

*  The  direct  use  of  the  term  *  molten '  is  avoided,  inasmuch  m  we  can  know  but 
little  of  the  conditions  of  matter  under  very  «^eat  pressure,  and  it  is  inadvisable  to  use 
the  same  terms  in  the  description  of  conditions  which,  though  analogous,  must  yet  be 
Fery  different. 

2  Cf.  J.  J.  H.  Teall,  Geol.  Mao.,  188(>,  p.  349. 

3  It  is  evident  that  the  limestones  have  not  (except  very  locally)  suffered  from 
deforming  earth -movements  since  the  development  of  the  accessory  minerals,  whoafl 
varying  aoundance  is  largely  the  cause  of  the  apparent  foliation. 
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(2)  That  it  is  not  altogether  easy  to  regard  the  limestones  at 
altered  sediments. 

(3)  That  whatever  their  origin  they  have  actually  existed  io 
a  state  "  akin  to  fusion,"  and  as  far  as  their  present  oharaoters  an 
ooncemed,  are  oontemporaneoos  with  the  chamookite  series. 

(4)  That  limestones  and  the  chamookite  series  have  saffered  bat 
little  from  deforming  earth-movements  since  their  final  solidifioatioD. 


JKTOTICES  OIF  3sj:e3sj:oirs,  etc. 

1.  The  International  Geological  Oonqbess. — The  next  Session 
of  this  Congress  will  be  held  in  Vienna  from  the  20th  to  27th  August, 
1903.  The  Austrian  geologists  have  appointed  a  oommittee  of 
organization,  whioh  has  jast  issued  its  first  circular.  The  Piesidant 
is  Dr.  E.  Tietze ;  the  general  secretary,  Professor  0.  Diener ;  and  the 
secretaries,  Messrs.  F.  Teller,  Q.  Geyer,  and  A.  von  Bohm.  He 
circular  contaius  a  list  of  the  excursions  which  it  is  proposed  to 
arrange  in  connection  with  the  Congress.  The  following  are  to 
take  place  before  the  Session : — 1.  Palaaozoic  region  of  Centisl 
Bohemia.  2.  Hot  Springs  and  eruptive  districts  in  the  north  of 
Bohemia ;  and  the  surroundings  of  Briinn  in  Moravia.  3.  QaUoiAi 
beginning  with  the  coal  district  of  Ostrau  and  the  neighbourhood 
of  Krakau  and  Wieliczka,  then  dividing  into  two  sections,  one  of 
which  visits  the  petroleum  beds,  and  the  other  the  peaks  of  the 
Carpathians  and  the  Tatra  Mountain.  4.  Salzkammergut.  5.  Styris. 
The  following  are  to  be  after  the  Session  : — 6.  Dolomites  of  the 
Tyrol.  7.  Basin  of  the  Adige  in  Tyrol.  8.  Western  region 
of  the  Hobe  Tauern  (Zillerthal  Alps).  9.  Central  region  of  Hohe 
Tauern  (Venetian  Alps).  10.  Predazzo.  11.  The  Carniolan  and 
Julian  Alps.  12.  Glacial  region  of  the  Austrian  Alps.  13.  Bosnia 
and  Dal  mat  ia.  There  is  also  an  invitation  from  the  Geological 
Society  of  Hungary,  which  includes  a  visit  to  Buda-Pesth  and  the 
lower  course  of  the  Danube  (Cataracts  and  Iron  Gate). 

2.  Illustrations  of  Voloanio  Phenomena. — There  has  been 
arranged  at  the  British  Museum  a  temporary  exhibition  to 
illustrate  the  recent  volcanic  eruptions  in  the  West  Indies,  and 
their  phenomena.  Within  about  a  fortnight  of  the  eruptions 
in  St.  Vincent  and  Martinique,  the  Exhibition  was  installed  in 
that  gallery  of  the  Geological  Department  in  which  other 
collections  elucidating  the  dynamic  side  of  geology  are  already 
displayed.  Now,  however,  it  is  placed  in  one  of  the  bays  of  the 
central  hall,  where  it  has  attracted  a  large  nnmber  of  visitors. 
A  general  guide-label  informs  the  visitor  that  the  Exhibition  is 
arranged  in  several  sections  which  should  be  examined  in  regular 
order,  as  follows : — 

A  series  of  maps  and  diagrams,  some  specially  prepared,  shows 
the  geography  of  the  Lesser  Antilles  and  the  relations  of  their 
volcanoes  to  the  general  structure  of  the  globe,  particularly  to  the 
disturbed  region  of  Central  America.     On  these  maps,  pins  have 
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been  inserted  drawing  attention  to  places  specially  affected  daring 
tlie  last  few  months.  Adjoining  this  are  pictures  and  photographs 
of  the  scenery,  buildings,  yegetation,  and  human  inhabitants  of  the 
rained  islands.  A  noteworthy  contribution  to  this  section  is  the 
excellent  series  of  sketches  lent  by  the  Bev.  W.  C.  Bourchier,  RN. 
The  recent  elevation  of  the  Antillean  Bidge  from  great  depths  is 
illustrated  by  specimens  of  fossil  animals  and  their  recent  congeners, 
specially  selected  for  that  purpose.  Next  follow  specimens  illustrating 
the  volcanic  geology  of  the  Lesser  Antilles,  the  dust  from  this  and 
previous  eruptions  being,  of  course,  exhibited  and  explained.  We 
understand  that  arrangements  have  been  made  to  acquire  further 
speoimens  of  volcanic  ejectamenta  from  Martinique  and  St.  Vincent. 
The  next  section  illustrates  the  fauna  and  flora  of  the  Lesser  Antilles, 
attention  being  specially  directed  to  such  species  as  are  exceedingly 
rore  (possibly  owing  to  the  effects  of  previous  catastrophes)  and 
whose  extermination  is  feared,  also  to  species  characteristic  of  the 
isIandB  and,  as  such,  mentioned  in  the  accounts  of  travellers.  The 
portion  of  the  Exhibition  having  special  reference  to  the  Lesser 
Antilles  is  concluded  by  a  series  of  extracts  from  local  newspapers 
and  other  notes  having  reference  to  present  and  previous  eruptions 
in  that  region.  The  remainder  of  the  Exhibition  deals  with  volcanic 
phenomena  generally :  first,  by  means  of  a  large  series  of  plates  and 
photographs  ranging  from  the  sixteenth  century  to  the  present  year, 
and  representing  many  of  the  best  known  volcanoes  of  the  globe,  as 
weU  as  some  of  the  extinct  or  possibly  dormant  volcanoes  in  various 
parts  of  the  world ;  secondly,  by  a  typical  series  of  volcanic  products, 
carefully  labelled  for  the  benefit  of  the  public.  Dr.  Bather  and 
Mr.  Prior  are  responsible  for  this  exhibition. 

3.  Natural  Sgibnge  Beoobds. — The  Geological  Eecord,  the 
Annuaire  Oeologique,  the  Annals  of  British  Geology,  not  to  mention 
less  ambitious  attempts,  having  had  their  day  and  ceased  to  be,  and 
the  Becord  of  Geological  Literature  added  to  the  Geological  Society's 
Library  having  entered  on  a  period  of  sestivation,  it  may  be  of  service 
to  indicate  yet  another  bibliography,  the  ''Bevue  Bibliographique 
des  Sciences  naturelles  pures  et  appliquees  .  .  .  publico  par 
J.  Chavanon  et  Q.  Saint- Yves.  .  .  .  Paris,  45,  Avenue  Ledru- 
EoUin." 

The  Bevue  is  announced  to  appear  in  monthly  parts  of  five  or 
six  octavo  sheets,  at  a  subscription  price  of  30  francs  for  addresses 
in  the  Postal  Union. 

The  programme  is  far  too  large  to  be  filled  with  any  success  in 
an  annual  volume  of  such  restricted  size;  but  by  devoting  special 
attention  to  Agronomic  Scieoce  the  promoters  will  fill  a  gap.  We 
cannot  say  the  same  for  the  second  feature  on  which  they  pride 
themselves,  namely,  the  indexing  all  names  of  new  genera  and 
species,  or  species  from  new  localities,  since  this  is  already  per- 
formed by  the  Zoological  Eecord  and  by  the  Concilium  Biblio- 
graphicum,  Zurich,  which  two  bibliographies  supplement  each  other's 
inevitable  deficiencies.  Under  each  of  the  main  headings — Geology, 
Mineralogy  and  Mining,  Zoology,  Anatomy,  and  so  forth — is  given 
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an  annotated  list  of  the  contents  of  certain  parts  of  a  number  of 
periodicals,  taken  by  countries.  Each  number  is  completed  by  in 
index  to  the  subject-matter  and  a  list  of  the  periodicals  notioed  in 
that  part.     This  latter  is  a  useful  feature. 

4.  Db.  F.  a.  Bathkb,  M.A.— On  April  23  the  Prinoipal  Trustees 
of  the  British  Museum  appointed  Dr.  F.  A.  Bather  to  fill  the  Assistant- 
Keepership  of  the  Department  of  Qeology,  rendered  vaoant  by  the 
promotion  of  Dr.  A.  Smith  Woodward  to  the  Keepersbip  on  the 
18th  December  previous. 

5.  Eabtuquakxs  in  Gbxbob. — It  may  not  be  generally  known 
that  there  is  published  a  list  of  earthquakes  observed  in  Qreeoe  for 
the  year.  The  list  appears  in  Annates  de  VObservaiaire  NaiumaU 
(V Athene*,  edited  by  Professor  Demetrius  Eginitis.  Volume  iii,  1901 
(4to,  Aihenes),  ecu  tains  the  earthquakes  recorded  for  the  year  1899, 
in  chronological  orders.  In  each  case  the  time  is  given,  its  stcengtti 
noted,  direction,  length,  and  the  name  of  the  recorder.  The  nUlity 
of  this  valuable  record  would  be  much  enhanced  if  Professor  Eginitii 
would  give  an  alphabetical  index  to  the  localities  in  fnture  lists. 

6.  Embndations  of  Ammonite  Nombnolatubb. — Under  the  above 
title,  Mr.  S.  S.  Buckman  has  issued  an  8  pp.  pamphlet  of  revisioB 
of  the  nomenclature  in  his  monograph  on  the  Inferior  Oolite 
Ammonites  published  by  the  Palaaontographical  Society.  The 
pamphlet,  at  first  issued  privately  in  June,  has  now  (July)  been 
published,  and  is  on  sale  at  Norman,  Sawyer,  &  Oo.,  Cheltenhamf 
price  one  shilling.  It  contains  numerous  new  generic  and 
trivial   names. 


Aids  in  Pbactical  Geology.  By  Professor  Gbbnvillb  A.  J.  Cole, 
M.K.I.A.,  F.G.S.  4th  edition.  8vo ;  pp.  431.  (London : 
Charles  Griffin  &  Co.,  1902.) 

WE  were  able  to  speak  highly  of  this  "eminently  practical" 
work  on  geology  eleven  years  ago  in  our  notice  of  the  first 
edition  (Geol.  Mag.  for  1891,  p.  230).  We  therefore  welcome  the 
fourth  edition,  for  it  proves  that  the  labours  of  the  author  have 
been  appreciated.  Those  of  our  readers  who  have  not  yet  acquired 
the  book  should  know  that  it  does  not  deal  with  economic  geology, 
but  is  intended  as  a  companion  to  ordinary  textbooks,  and  to  give 
instruction  to  the  student  in  the  methods  of  examining  and  deter- 
mining minerals,  rocks,  and  fossils.  The  work  has  been  revised 
throughout,  and  amongst  the  fresh  information  mention  should  be 
made  of  that  on  the  isolation  of  the  constituents  of  rocks.  The 
author  observes  that  ^*  Few  changes  in  nomenclature  have  been 
introduced  into  this  edition,  and  the  limits  of  the  names  of  rocks, 
and  even  of  fossil  genera,  have  been  kept  as  wide  as  possible." 
This  is  right.  Nomenclature  is  the  bane  of  students  and  of 
teachers  of  natural  science,  in  respect  of  its  *  kaleidoscopic'  changes; 
and  Professor  Cole  has  not  been  able  to  escape  them  altogether. 


B^mmtU  and  Proceedings — Geological  Society  of  London.      381 

^e  oannot  think  he  has  aoted  wisely  in  substituting  De  Lapparent's 
Gk>ilandian '  for  Upper  Silurian.  The  student  should  be  taught  to 
le  the  generally  accepted  terms.  Silurian  drops  out  entirely  from 
TofesBor  Oole's  Table  of  Formations  (p.  293). 


Gbolooioal  Sooiktt  or  London. 

ane   11th,   1902.— Professor   Charles   Lapworth,  LL.D.,  F.R.S., 

President,  in  the  Chair. 

Professor  Bonney  exhibited  a  mounted  specimen  of  the  volcanic 
HBt  which  fell  on  the  deck  of  the  steamer  Boddam  during  the  great 
raption  of  Mont  PeUe  on  May  8th,  for  which,  as  well  as  for  another 
om  the  Soufri^re  of  St.  Vincent,  that  had  fallen  in  Barbados,  he 
as  indebted  to  Sir  William  Orookes,  F.RS.  The  dust  from  Mont 
el^  consists  of  fragments  of  minerals  and  rock  (the  former, 
^rliaps,  slightly  in  excess  of  the  latter),  very  commonly  about 
07  to  *008  inch  in  diameter,  but  rang^ing  from  about  -005  to 
II  inch.  A  very  little  fine  dust  had  been  removed  by  levigation 
sfore  mounting  the  specimen.  The  minerals  are : — (1)  Chips  of 
Aspar  sometimes  bounded  by  cleavage-edges,  occasionally  showing 
willatory  twinning  or  zonal  structure.  The  refractive  index  and 
Ktinction-angles  suggest  that  the  majority  are  labradorite.  Some 
>ntaiQ  minute  acicular  microliths  or  small  brownish  enclosures 
}  vitreous),  which  now  and  then  are  regular  in  form  and 
rrangement,  like  negative  crystals,  and  not  seldom  contain  little 
nbbles.  (2)  Pyroxene,  occasionally  with  cleavage-edges,  or  even 
iiomorphic,  generally  of  a  light  bottle-green  tint.  There  are 
drtainly  two  species:  one  showing  a  distinct  pleocbroism  from 
reen  to  brown  with  straight  extinction — a  variety  of  hypersthene ; 
le  other  barely  pleochroic,  with  an  extinction  that  proves  it  to 
e  augite.  He  could  not  identify  with  certainty  magnetite  or 
ny  other  mineral.  The  rock-fragments  are  chips  of  a  brownish, 
ften  dirty-looking  glass,  with  small  cavities,  sometimes  showing 
licroliths  or  adhering  to  minerals  ;  much  of  it  opaque,  or  nearly  so, 
Tith  transmitted  light,  and  a  brownish-grey  by  reflected  light,  once 
r  twice  reddish.  As  Dr.  Flett  gave  an  excellent  desoription  of  the 
(arbados  dust  from  the  Soufriere  at  the  previous  meeting,  the  present 
peaker  thought  that  he  need  say  no  more  than  that  in  the  specimen 
ow  exhibited  the  fragments  seem  a  shade  smaller,  and  minerals 
re  slightly  moi*e  abundant,  especially  pyroxene,  than  in  the  Mont 
*elee  dust 

Notwithstanding  the  risk  of  generalizing  from  a  single  slide, 
*rofes8or  Bonney  inferred  that  the  ejeota  of  the  two  volcemoes 
re  generally  similar.  Both,  compared  with  specimens  in  his 
abinet  from  Ootopaxi,  are  more  uniform  in  size.  The  travelled 
Qst  from  the  Soufriere  is  a  little  smaller  than  that  from  the  actual 
ummit  of  the  Andean  volcano,  but  coarser  than  similar  material 
rom  Chillo  (over  20  miles),  Quito  (36  miles),  Ambato  (46  miles), 
Uobamba  (65  miles),  and  the  summit  of  Chimborazo,  about  the  same. 
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All  these  vary  maoh  more  in  size  and  ran  distinctly  smaller, 
the  last.^  That  from  Mattakava,  Hiok's  Bay,  New  Zealand'  (iKllaD 
on  June  16th,  1886),  is  rather  coarser,  more  sooriaoeous,  with  fewtf 
mineral  fragments  (especially  of  pyroxene),  to  which  a  dirty  glftN 
is  often  adherent.  The  dust  from  Barbados,  ejected  by  the 
St.  Vincent  Soufri^re  in  1812,  is  Teiy  mnch  finer-grained,  but 
contains  the  same  minerals,  though  pyroxene  is  less  abundant 
In  neither  had  he  found  the  clear  glassy  pumice  described  by 
Miss  Raisin  '  from  the  marls  of  that  island. 

The  following  communications  were  read  : — 

1.  "A  Descriptive  Outline  of  the  Plutonic  Complex  of  Central 
Anglesey."     By  Charles  Callaway,  D.Sc.,  M.A..  F.Q.8. 

The  central  complex  of  Anglesey  was  originally  composed  of 
diorite,  felsite,  and  granite.  The  gneiss  and  granitoid  rook  of  the 
area,  formerly  regarded  as  sedimentary  in  origin,  are  now  known  to 
be  plutonic  masses.  The  diorite  undergoes  numeroua  modificationa, 
into  hornblende-gneiss,  chlorite-gneiss,  micaoeo-ohloritio  gnaJaSi 
and  kersantite  and  biotite-gneiss.  The  felsite  has  not  been  foood 
in  its  original  state,  but  is  converted  into  '  halleflinta,'  qaartz-8ohiit» 
mica-schist,  and  mica-gneiss ;  granite  and  quartz  felsite  are  intmsive 
into  the  diorite  and  felsite,  and  the  two  former  are  regarded  ai 
derived  from  the  same  magma.  They  are  not  foliated,  and  were 
intruded  subsequently  to  the  modification  of  the  diorite  and  felsite 
into  gneisses  and  schists.  The  diorite,  originally  a  zenolith  sur- 
rounded and  injected  by  granite,  has  been  modified  into  an  elliptical 
dome  of  dark  gneiss ;  into  simple  gneisses  by  pressure,  and  into 
complex  gneisses  by  pressure  p/u«  granitic  intrusion.  This  intrusion 
has  often  produced  fusion  at  the  contact,  sometimes  with  the 
generation  of  biotite  in  the  diorite.  In  addition  to  this,  the  diorite 
possesses  an  imperfect  fluxion-structure. 

2.  '*  Alpine  Valleys  in  relation  to  Glaciers."  By  Professor  T.  G. 
Bonney,  D.Sc.,  LL  D.,  F.R.S.,  P.G.S. 

The  author  discusses  some  hypotheses  about  the  formation  of 
Alpine  valleys  which  have  been  advanced  by  Professor  W.  M.  Davie, 
but  has  left  the  Ticino  Valley,  on  which  the  latter  lays  much  strese, 
to  Professor  Garwood,  who  has  very  lately  visited  it  Professor 
Davis  maintains  that  the  upper  and  wider  parts  of  Alpine  valleyi 
were  excavated  in  pre-Glacial  times,  the  lower  and  narrower  poriiona 
during  the  Great  Ice  Age.  The  author  tests  this  hypothesis  by 
applying  it  first  to  the  valley  of  the  Visp,  of  the  eastern  arm  df 
which,  and  of  the  '  hanging  valley '  like  a  gigantic  corrie,  where 
Saas  Fee  is  situated,  he  gives  a  description,  pointing  out  that  all 
parts  are  so  connected  that  any  separate  explanation  of  their  form 
is  impossible. 

To  obtain  an  idea  of  the  condition  of  the  Alps  in  Middle  and  Later 
Tertiary  times,  we  may  consider  the  effect  of  alterations  of  tem- 
perature, on  the  assumption  (which,  as  he  shows,  is  not  likely  to 

'  All   Iho'j*^  (collected  by  Mr.  E.  Wlij-mper)   arc  described  in  Proo.  Roy.  Soc., 
vol.  XXX vii  {lSS4),  pp.  Ill  et  senq. 
-  (^uart.  Joum.  Geol.  8<k.,  v(»l.  xlviii  (1892),  pp.  181,  etc. 
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\  seriously  inoorreot)  that  the  altitude  of  the  Alps  during  the 
"eater  part  of  their  existence  has  remained  unchanged.  A  rise  of 
mperature  of  from  6^  to  7^  Fahr.  would  have  the  same  effect  as 
wering  the  district  hy  2,000  feet ;  a  rise  of  10^  would  oorrespond 
iih  3,000  feet  In  the  latter  case  the  Pennine  chain  about  the 
sadwaters  of  the  Visp  would  be  comparable  with  the  range  from 
!onte  Leone  to  the  Ofenhorn.  With  a  rise  of  14^  glaciers  would 
most  vanish  from  the  Alps,  for  the  snow-line  would  then  be  at 
2,000  feet  above  sea-level.  Thus  glacial  action  in  the  Oligocene  and 
looene  ages  would  be  a  negligible  quantity,  and  it  would  gradually 
KX>me  sensible  during  the  Pliocene  ;  but  glaciers  would  not  invade 
dleys  now  free  from  them  until  the  temperature  was  some  degrees 
•wer  than  it  is  at  present — in  other  words,  can  have  only  occupied 
lese  during  a  small  portion  of  their  existence. 
The  author  passes  in  review  a  number  of  other  Alpine  valleys, 
hich  lead  to  the  same  conclusion.  He  calls  attention  once  more 
the  connection  of  cirques  with  valleys,  to  the  impossibility  of 
ferring  the  former  to  glacial  action,  and  to  the  unity  exhibited  by 
1  parts  of  the  Alpine  valleys,  touching  upon  some  structund 
fficnlties  which  Professor  Davis  has  been  content  to  meet  with 
fpotheses.  Alpine  valleys  in  all  parts,  as  the  author  shows,  indi- 
kte  by  their  forms  meteoric  agencies  other  than  glaciers,  which  can 
ilv  have  acted  for  a  comparatively  short  time  and  have  produced 
tue  more  than  superficial  effects. 

3.  "  The  Origin   of  some  '  Hanging  Valleys '   in  the  Alps  and 
imalaya.*'     By  Prof.  Edmund  Johnstone  Garwood,  M.A.,  F.Q.8. 

Liateral  valleys  which  enter  the  main  valley  marked  by  discordant 
rades  in  the  Jongri  district  of  the  Sikhim  Himalaya  have  been 
;tributed  by  the  author  to  Pleistocene  elevation  and  super-erosion 
r  the  main  valley  by  water.  Similar  valleys  in  the  Yal  Ticino 
ive  recently  been  attributed  to  overdeepening  of  the  main  valley 
J  ice.  The  author  shows  that  there  is  no  real  proof  of  this ;  in  fact, 
le  evidence  seems  strongly  to  point  to  fluviatile  and  not  glacial 
rosion  of  the  main  valley.  This  is  shown  by  the  overlapping 
rofiles  and  river-gorges  situated  both  above  and  below  some  of 
lese  'hanging  valleys,*  and  by  the  fact  that  a  greater  relative 
mount  of  erosion  has  taken  place  towards  the  upper  end  of  the 
lain  valley  than  at  the  lower,  where  the  mouths  of  the  '  hanging 
alleys'  are  less  elevated.  The  overdeepening  of  the  main  valley 
\  attributed  to  an  epeirogenic  uplift  in  Pleistocene  times,  consequent 
n  the  melting  away  of  the  ice-cap,  the  lateral  valleys  being  merely 
Ited  sideways.  This  effect  is  intensified  by  the  protection  accorded 
>  the  high  lateral  valleys  by  ice,  which  even  nowadays  still  lingers 
bere.  Examples  from  the  Maloja  district  of  the  Engadine  are  cited 
s  confirmatory  of  this.  The  best  preserved  of  these  *  hanging 
alleys'  in  three  districts  examined  by  the  author  all  face  north- 
astward,  and  show  protection  by  ice  ;  others  not  so  protected  have 
egun  to  cut  back  their  gorges  to  an  accordant  grade  with  the 
lain  valley.  Examples  of  other  types  of  '  hanging  valleys '  not 
ue  to  the  overdeepening  of  the  main  valley  are  given,  and  ^toQ^% 
f  the  greater  power  of  water  to  excavate  over  \ce  axe  as^v^^S. 
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BAI.A   LAKE  AND   THE   RI^^R  SYSTEM   OP  NORTH  WALES. 

Sib. — In  the  July  number  of  the  Qeoloqical  Hao&zivk,  If  r.  Lika 
refers  to  my  oritioiBm  oa  hU  paper  on  BkU  Lake  and  the  Bine 
System  of  North  Wales  (Quart  Joura.  Oeol.  Soo..  toL  Ivi,  p.  231). 
I  take  this  opportunity  of  stating  that  one  part  of  that  oritioiBm  wu 
based  on  a  misapprabension.  I  understood  from  hearing  the  piper 
read  that  Mr.  Lake  considered  that  great  earth- movements  bad  taken 
place  since  the  deposition  of  the  glacial  drift.  On  reading  the  psp«r 
in  the  Gkolooical  Uaoazine,  I  see  that  I  was  mistaken,  and  I  wi^ 
to  assure  Hr.  Lake  of  my  regret  at  having  misunderstood  his  liswi 
on  this  point. 

I  am  obliged  to  Mr.  Wlitte  for  pointing  ant  an  inaooorately  worded 
aUnsion  to  the  Vale  of  Pewsey.  The  river,  as  he  states,  rises  on 
GretaoeouB  and  not  od  Ootitio  rocks.  Mj  point,  however,  wu 
to  show  that  this  and  certain  other  rivers  flow  eastward,  or  join 
the  eastward  flowing  system,  against  the  general  run  of  the  ooni^. 
Looally  no  doubt  the  direction  of  the  drainage  was  affected  by  foldi 
as  suggested  by  Mr.  White.  A.  Stbahah. 

SlTAMlKA,  July  14,   1002. 

GEOLOGICAl.   SOCIETY   OK  LONDOX :    LAKE   v.   STRAHAS. 

StK, — I  think   the  ventilation   of  this   matter  highly  deniable. 

Mr.  Ijake  has,  however,  made  one  mistake  in  his  letter.      In  iv 

last  sentence  be  surely  means  "  Referee  ayatem  of  the  Geologicsl 

Society,"  and  not  "  Burlington  House."  C.  Daviis  Shibbobh. 

Addendum. — In  Mra.  M.  M.  Ogilvie  Gordon's  paper  "  On  UonioDi 
and  Upper  Fasaa,"  which  appeared  in  the  July  number  of  thii 
MagBzioe,  the  four  names  ot  places  marked  by  arrow  above  the 
transverse  section  given  on  p.  310  were  aooidentally  omitted  by  n«, 
which  we  greatly  regret.  The  section  with  the  names  inserted  ii 
repeated  below. — Edit.  Gbol.  Mao. 

ScUn.  (.'iwtahelb.  riioipagaazzn.  PeUegiu". 


Transier-t  station  through  llii  CwIhIioIIh  TtingL  (Middle  Tnwuc  limestone)  lb' 
Campa^azxj  Mi-ado«ln)L(l(IrijHer  TnasaiL  mixrd  depmiite  and  fault- frapBH>>' 
of  renman  strata)  tin  nli  tk."  i  *  rellefmnn  A  allei  (Penman  ottatn  (flu  •■' 
Quart!  Ponilii-n  (QP))  ff  ■Actn'  fuult«  EW  old  cart-»art  hull 
«  (,  porphjnte  biI\  uiul  d^ke  vyatem  aacendui^  fanlte,  cleavage-pUlie>i  w'  l 
bedding- plane?. 
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I.  —  Trooontherium    fbom    a    Plbistoobn*    Dbposit    ih    thk 

Thames  Yallkt. 

By  E.  T.  Nbwton,  F.R.8.,  F.G.8. 

THE  history  of  this  gigantic  rodent  began  to  be  written  in  1809, 
when  M.  Gk>thelf  Fi sober  described  a  skull  from  a  sandy  deposit 
on  the  borders  of  the  Sea  of  Azof,  to  which  be  gave  the  name  of 
Trogoniherium,  Since  then,  at  varying  intervals,  to  tbe  present 
time,  new  chapters  have  been  added  to  this  history  by  both 
Continental  and  British  workers,  describing  specimens  of  a  more 
or  less  fragmentary  character  which  have  from  time  to  time  been 
discovered.  Tbe  English  specimens  have  been  chiefly  obtained 
from  the  '  Cromer  Forest  Bed/  that  rich  and  remarkable  series 
of  beds  occupying  a  position  in  time  between  the  Crags  and  the 
Olaoial  deposits  of  East  Anglia.  The  *  Forest  Bed '  specimens 
were  first  made  known  by  Sir  Charles  Lyell  in  1840,  but  were 
more  fully  described  by  Sir  R.  Owen  in  1846  and  referred  to 
Fischer's  Trogoniherium  Cuvieri,  It  will  not  be  necessary  at  this 
time  to  refer  specifically  to  each  of  the  additions  to  our  knowledge 
of  this  animal  or  to  detail  the  varying  opinions  as  to  affinities  and 
nomenclature,  as  these  particulars  will  be  found  in  the  Memoirs  of 
the  Geological  Survey  of  the  United  Kingdom.*  Although  most 
of  the  British  specimens  of  Trogontherinm  Cuvieri  have  been  found 
in  the  '  Cromer  Forest  Bed '  a  few  examples  have  been  met  with  in 
the  Norwich  and  Weyboum  Crags.  The  smaller  species,  which 
has  been  called  T,  minu«,'  was  obtained  from  the  nodule  bed  below 
the  Red  Crag  of  Felixstowe,  and  an  incisor  tooth  from  tbe  Norwich 
Crag  was  referred  to  the  same  species.     In  1892^  the  present  writer 

1  '* The  Vertebrata  of  the  Forest  Bed  Series,'*  1882,  p.  65,  and  ''The  Vertebrata 
of  the  Pliocene  Deposits  of  Britain,''  1891,  p.  .51. 
'  Quart.  Journ.  Geol.  Soc.,  vol.  xlvi,  p.  447. 
*  Trans.  Zool.  Soc.,  vol.  xiii,  pt.  4. 
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described  a  remarkably  fine  skull  of  T.  Cumeri,  which  had  been 
obtained  by  Mr.  A.  Savin  from  the  *  Forest  Bed '  of  Elast  Ronton, 
and  is  now  in  the  British  Museum.  The  skull  named  by  M.  Laugel 
Conodontes  Boisvillettii,^  which  is  believed  to  be  Trogontkentm 
Cuvieri^  was  obtained  from  a  bed  at  St  Prest,  which  is  of  aboot 
the  same  age  as  the  'Cromer  Forest  Bed.'  The  stratigraphioil 
position  of  the  deposit  at  the  Sea  of  Azof,  which  yielded  the  origiml 
2'rogontherium  Cuvierif  still  remains  uncertain. 

The  above  sketch  will  give  an  idea  of  our  knowledge  of  TVo^ot- 
therium  ten  years  ago,  and  no  addition  seems  to  have  been  since 
made  to  the  history  of  this  interesting  rodent.     I  am  now,  boweTer, 
able  to  record  its  occurrence  in  a  deposit  of  Pleistocene  age  in  the 
lower  part  of  the  Thames  Valley.     In  May  of  ihe  year  1900 
Mr.  H.  Stopes'  gave  an  account  before  the  Anthropological  Institute 
of  a  bed  of  gravel  (at  78  feet  O.D.)  on  the  west  shoulder  of  the  Ingress 
Valley,  near  Greenhithe,  Kent,  which  is  remarkable  for  contaiDing 
great  numbers   of  Nerilina  fluviatilii,  togetlier  with   many  other 
species  of  mollusca  and  vertebrata.     The  extinct  forms  indnded 
among  these  fossils  showed  the  deposit  to  be  of  Pleistocene  age. 
Mr.  Stopes  has  been  careful  to  preserve  all  the  mammalian  remains 
he  could  obtain  from  this  bed,  but  other  workers  have  not  been 
unmindful  of  the  importance  of  this  discovery,  and,  as  may  he 
gathered  from   Mr.  Stopes*  paper,  they  have  secured   some  most 
interesting  specimens.     Mr.  A.  S.  Eennard  has  made  a  large  ool- 
lection  of  the  mollusca,  and  Mr.  M.  A.  C.  Hinton  has  obtained  many 
vertebrate  remains,  chiefly  the  small  forms  included  in  Mr.  Stopes* 
revised  list     Another  important  series  of  bones  has  been  secured 
by  that  assiduous  worker  Mr.  W.  J.  Lewis  Abbott,  most  of  whose 
specimens  are  of  species  included  in  the  published  list,  but  there  » 
one  large  rodent  incisor  (Fig.  1)  which  Mr.  Abbott  suspected  froiu 
its  size  and  shape   might  be    Trogontherium,      A   rumour  of  this 
*  Great  Beaver  *  from  the  '  Neritina '  deposit  seems  to  have  beeu 
the  cause  of  Castor  sp.  appearing  in  Mr.  Stopes'  list. 

This  incisor  tooth  was  sent  to  me  some  twelve  months  ago,  but 
I  have  delayed  publishing  an  account  of  it,  hoping  that  additional 
material  would  be  forthcoming.  The  specimen  (Fig.  I)  is  a  lower 
incisor  tooth,  as  shown  by  the  large  diameter  of  its  curve  in  pro- 
portion to  its  thickness ;  it  measures  along  the  outer  curve  132  mm., 
but  is  imperfect  at  both  ends.  The  curve  of  the  tooth,  if  completed, 
would  form  a  circle  with  a  diameter  of  about  150  mm.  In  cross 
section  (Fig.  2)  the  tooth  is  pear-shaped;  its  width  being  11  mm., 
and  from  front  to  back  about  13  mm.  The  front  is  rounded  and 
the  hinder  part  has  been  angular,  but  this  edge  is  nowhere  quite 
perfect.  The  portion  of  the  front  of  the  tooth,  which  is  covered  by 
enamel,  is  shown  in  Fig.  2  by  the  thick  dark  part  of  this  outline 
of  the  cross  section.     The  inner  edge  of  the  enamel  is  slightly 

*  Bull.  S(K'.  Geol.  France,  1862,  ser.  n,  vol.  xix,  p.  709. 

2  Journ.  Anthr.  Inst.,  vol.  xxix,  p.  302.     This  paper  was  reprinted  in  1901  with 
a  ^rcath  (.'.xtonilfd  list  ot  tos^ils — 67  siHK'ies. 
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grooved  from  end  to  end,  and  thft  inner  side  of  the  tooth,  which 
a  not  oovered  b;  enamel,  it  elightly  ooncare.  There  is  also 
t  groove  nIoDg  the  enamel  near  its  outer  edge,  but  the  oater  edge 
toeir  is  ronnded.  The  outer  side  of  the  tooth,  uaoovered  by  enamel, 
a  slightly  oonvez  with  aa  indistinct  depreBsian  along  the  raitldle. 
Hie  enamel  of  this  tooth  is  everywhere  rugose  and  granular,  as 
ihoKTo  somewhat  enlarged  in  Fig.  3.  The  only  large  rodent  from 
leposits  of  Foet-Glooial  age  with  which  this  tooth  can  be  profitably 
lompared  is  the  Beaver.  Oorapared  with  the  lower  iaoisor  of 
I  iarga  apeoimen  from  the  peat  it  is  found  to  be  absolutely  longer, 
tven  in  its  present  imperfect  condition,  nud  to  have  a  markedly 
greater  thickness.  These  differenoes  of  size  would  not  alone  aufScs 
o  indicate  even  a  speoifio  difference,  but  are  of  importance  when 
aken  in  connection  with  differenoes  in  form  and  structure.  The 
loamelled  front  of  the  Beaver's  lower  iaoisor  is  almost  flat,  so  that 
he  oaturslly  worn  cutting  edge  is  straight  and  ohisel-like.  The 
ooth  above  described  bos  a  rounded  front,  and  consequently  in 
irearing  would  have  a  more  pointed  extremity.  The  enamel  of 
.be  Beaver's  inoisor  is  smooth  and  shining,  not  rugose  and  granular 
:ike  the  present  speoimen. 


I»«er  tight  incisor  tooth  of  Tragimtluyiiim  Cavitri  from  the  F1eiiit«<:«ie  of  the 
Thame*  Valiev.  Pig.  1,  seen  ftora  the  outer  aide,  naturaJ  hIko  ;  Fig.  2,  irus» 
aectian  at  a ;  'Fig.  3,  enamel  between  a  sod  b,  enlarged  two  diameters. 

The  lower  incisor  tooth  of  Trogontheriwa  Caeieri  agrees  with  our 
Qreenhitbe  speoimen  in  all  those  particulars  in  which  the  latter 
differs  from  the  Beaver;  it  has  a  similar  rounded  front,  with  rugose 
enamel,  a  similar  cross  seotion,  and  is  remarkable  for  its  large  size. 
There  oan  be  no  question  as  to  the  Qreenhithe  tooth  being  referable 
to  the  genus  Trogontherium,  the  range  of  which  in  time  must  dow 
be  extended  to  the  period  of  the  High-Terrace  gravels  of  the 
Thames,  and  it  must  have  been  contemporaneous  with  the  faua% 
recorded   by   Mr.  Slopes,  which   includes  the  mBia\ms.\&  £\epWs 
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antiquvBi  E.  primigeniuB,  Bhinoeeroa  leptorhinua,  Boa  prtmigentMa^  and 
the  raollusos  Pyramidula  rotundata,  Paludesirina  marginalia,  Unto 
liitoralia,  Corbietda  fiuminali»f  etc.,  together  with  many  Palieolitbio 
implements.^  As  this  tooth  presents  no  characters  by  which  it 
can  be  differentiated  from  that  of  Trogontheriwn  Cuvieri^  it  u 
provisionally  placed  in  the  same  species. 


II. — On  thk  Genus  Pebipsistis,  St.  John. 

By  C.  R.  Eastman,  of  Cambridge,  Mass.,  U.S.A. 

THE  genus  Peripriatia  was  established  in  1870  by  Orestes  H. 
St.  John*  for  the  reception  of  two  species  of  Carboniferous 
fish-remains,  one  of  which  had  been  previously  described  by 
Newberry  &  Worthen  under  the  name  of  Ctenoptyehiua  aemidrculmt* 
and  was  selected  as  type  of  the  new  genus.  The  other  was  known 
in  collections  and  printed  catalogues  under  Agassiz's  manuscript 
title  of  Pristodua  falcatua,  but  this  name  did  not  acquire  validity 
until  J.  W.  Davis  adopted  it  in  his  monograph  of  1883.*  As  tbero 
can  be  no  question  that  the  two  species  are  congeneric,  it  follows 
that  St  John's  appellation  of  Peripriatia  has  priority  over  Dafis* 
term,  and  the  type  species  becomes  P.  aemicirctdaria  (N.  Se  W.) 
instead  of  P.  falcatua,  Davis. 

The  claims  of  Peripriatia  to  recognition  as  a  distinct  genus  were 
first  impugned  by  J.  S.  Newberry,  who,  without  having  access  to 
the  foreign  material  associated  by  St.  John  with  P.  aemieircnlarii, 
professed  himself  ''unable  to  recognize  more  than  specific  di£fer- 
ences"^  between  these  teeth  and  those  known  as  Ctenoptyehivs 
aerratna  and  C.  dentatua.  Previous  to  this,  however,  Newberry 
had  been  inclined  to  separate  the  American  form  from  other  species 
of  Ctenoptyehiua,  but  had  refrained  from  so  doing  owing  to  in* 
sufficiency  of  material  at  his  command  for  comparison.  We  find 
him  writing  in  1866  that  **  it  is  very  apparent  that  the  species 
which  have  been  referred  to  Ctenoptyehiua  require  separation,"  and 
that  the  form  named  by  him  C,  aemicircularia  differs  so  widely  from 
C.  apicalia,  Ag.,  as  to  render  it  ''  doubtful  if  they  shonld  even  be 
included  in  the  same  genus."*  A  few  years  later,  after  his  sug- 
gestion had  been  carried  into  effect  by  St  John,  and  without  having 
examined  actual  specimens  of  '  Priatodtia,*  he  saw  fit  to  retract  his 
former  views,  and  his  procedure  in  cancelling  St  John's  genus  has 
been  followed  by  subsequent  writers.  It  is  unfortunate  that  this 
error  on  Newberry's  part  should  have  been  perpetuated,  since  even 
casual  inspection  shows  that  the  types  of  Peripriatia  and  *  Priatodm  * 
differ  only  in  minor  particulars,  and  that  both  are  widely  removed 
from  Ctenoptyehiua, 

*  These  implements*  have  been  figured  and  described  by  Mr.  W.  M.  Xewton  in 
'*  Man  "  for  June,  1901,  art.  66. 

2  Proc.  Amer.  Phil.  Soc.,  vol.  xi  (1870),  p.  434. 

3  Pal.  Illinois,  vol.  ii  (1866),  p.  72,  pi.  iv,  fig.  18. 

*  Trans.  Rov.  Dublin  Soc.  [2],  vol.  i  (1883),  p.  519,  pi.  Ixi,  figs.  17-22. 
5  Kept.  Geof.  Surv.  Ohio,  vol.  ii  (1875),  p.  52. 

«  J»«l.  Illinois,  vol.  \\  (^1866^  p.  TH. 
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Notwithatanding  the  contrary  opinion  expressed  by  Jaekel,^  we 
)em  it  entirely  proper  to  reoognize  Peripristis  as  the  type  of  an  inde- 
mdent  family,  in  view  of  the  specialized  character  of  its  dentition. 
8  already  suggested  by  W.  Davies'  and  A.  S.  Woodward,'  it  is 
robable,  thoagh  not  absolutely  certain,  that  the  dental  series  was 
duced  in  this  genus  to  a  single  tooth  in  the  npper  and  lower  jaw 
>speotively.  This  is  indicated  not  only  by  the  form  of  the  teeth, 
it  by  marks  of  contact  which  show  that  the  opposing  teeth  inter- 
oked  when  the  mouth  was  closed,  in  a  manner  quite  inconsistent 
ith  the  idea  that  mnltiple  series  were  present.  The  teeth  are 
ways  bilaterally  symmetrical,  none  having  been  found  which 
»rrespond  to  the  lateral  series  of  Petalodonts.  If  we  are  to 
ippose  with  Jaekel  that  the  symmetrically  formed  teeth  were  dis- 
>aed  in  transverse  series  separated  from  one  another  by  interspaces, 
len  we  must  needs  allow  that  they  were  adjusted  with  almost 
Athematical  precision,  and  that  there  could  have  been  not  the  least 
teral  play  of  the  jaws  in  closing.  Otherwise  it  would  have  been 
dpossible  for  the  functional  rows  of  teeth  in  opposite  jaws  to  have 
ttod  as  accurately  into  one  another  as  is  known  to  have  been  the 
use,  the  median  acuminate  apex  of  the  lower  teeth  being  received 
ito  a  corresponding  pit  of  the  upper.  So  complicated  a  device 
I  this  theory  calls  for  is  unparalleled  throughout  the  whole  animal 
ingdom,  and  sets  ordinary  mechanical  conditions  at  defiance.  It  is 
>8sible  that  our  German  friend  has  not  taken  considerations  of 
lis  nature  into  account,  or  he  would  scarcely  have  hazarded  the 
3inion  **  dass  Pristodus  mehr  Querreihen  als  alle  Petalodonteu  im 
ebiss  besass,  und  in  deren  sohwacher  Yerfalziing  die  Entwiokelung 

er  Petalodonten  einleitete Wenn  wir  uns  die  Ziihne 

on  Pristodus  in  derselben  Weise  auf  langere  Eieferaste  vertheilt 
enken,  wie  die  von  Orodus  oder  Cladodus,  so  hiuderte  niohts  eine 
Dgefahr  symmetrische  Ausbildung  der  eiuzelnen  Zahne."  ^ 
It  is  the  object  of  the  following  paragraphs  to  present  a  few  new 
.cts  concerning  the  structure  and  distribution  of  teeth  belonging  to 
vo  species  of  this  genus,  namely,  P.  semicircidaris  and  P.  eoncinnm. 

Family  PERIPRISTID^,  nomen  nov. 

Genus  Peripristis,  St.  John. 

[Proc.  Amer.  PhO.  Soc.,  vol.  xi  (1870),  p.  434.] 

m.  HoploduSf  R.  Ethoridee,  jun. :   Gkol.  Mao.  [2],  vol.  ii  (187^)),  p.  244. 
Diodontoptodus^  J.  W.  Davw;    Brit.  Assoc.  Kept.,  1881,  p.  64G. 
Fiutodusy  J.  W.  Davis  {ex  aVgassiz  MS.) :  Trails.  Roy.  Dublin  Soc.  [2],  vol.  i 
(1883),  p.  519. 

Peripristis  semicircularis  (Newb.  &  W.). 

66.     Ctenopfyehiwt  semieireulariSf  \owberry  &  Worthen :   Pal.  Illinois,  vol.  ii, 
p.  72,  pi.  iv,  tig.  18. 

»  Zeitichr.  d-^utsch.  Geol.  Ges.,  vol.  11  (1899),  p.  290. 
2  Geol.  Mao.  [2],  vol.  ii  (1S7')),  p.  24:i. 
'  Cat.  Foss.  Fislu's  Brit.  Museum,  pt.  i  (18.S9),  p.  62. 
*  Loc.  cit.,  p.  292. 
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1870.    Feriprittit  $emicirculari9,  0.  H.  St.  John:  Proc.  Amer.  Phil.  Soc.,  toI.  xif 

p.  434. 
1872.    Feripriitu  semieirmlaruif  0.  H.  St.  John:   Hayden*B  Final  Kept  U.S. 

Geol.  Suit.  Nebraska,  p.  242,  pi.  iii,  figs.  3,  4*;  pi.  It,  fiff.  20. 
1875.     CUnoptyehius  temitireularis,  J.   ».  Newberry:   Rept.  GeoL  Surr.  Obio, 

Yol.  ii,  p.  52,  pi.  Iviii,  fig.  14. 

It  is  evident  from  marks  of  contact  that  the  relations  between  the 
supposed  upper  and  lower  teeth  of  this  species  are  identical  with  thoM 
known  to  obtain  in  P.  faleatua,  a  specimen  of  the  latter  having  been 
described  bjr  Davis  which  displays  the  dental  plates  of  both  jaws 
in  natural  association.  The  tooth  which  may  be  provisionally 
referred  to  the  lower  jaw  in  all  these  forms  is  the  one  which  fitted 
inside  that  of  the  opposite  jaw  when  the  mouth  was  closed,  the  same 
condition  being  true  of  Janassa,  and  of  sharks  generally.  The 
lower  tooth  of  P.  aemicirctdariB  (Fig.  1)  differs  from  the  upper  in 
having  the  serrations  of  the  cutting  edge  obsolete,  or  nearly  so, 
and  the  inferior  coronal  margin  deflected  downward  in  the  median 
line  in  front  Its  root,  also,  is  longer  than  that  of  the  upper  tooth. 
The  trenchant  margin  of  the  latter  is  always  strongly  serrated  in 
unworn  specimens,  there  being  usually  four  denticulations  on  one 
side  of  the  median  line  and  five  on  the  other ;  the  largest  of  theee 
may  be  either  central,  or  in  some  cases  slightly  eccentric  in  position. 
The  coronal  cavity  of  the  upper  tooth  exhibits  a  deep  pit  in  the 

Fio.  1. 


Fio.  2. 

Fio.  1. — Fei-iprxstis  semicirctdaris  (N.  &  W.).  CheBter  Group :  Caldwell  Countr, 
Kentucky.  «,  lat-eral  anpect  of  lower  tooth ;  A,  anterior  view :  M'- 
8izp.  (t'he  indentations  of  the  coronal  marnn  are  caused  by  contart 
with  the  serrated  edge  of  the  upper  tooth,  whici  closed  out^iide  tlie  lower. ^ 

Fig.  2. — Feripristig  benniei  (Ether.).  Upper  Carboniferous  Limestone:  Richmond. 
Yorkshire.    Posterior  aspect  of  upper  tooth,  nat.  size. 

median  line  at  the  junction  of  the  horizontal  and  vertical  portions 
of  the  posterior  face,  but  there  is  no  groove  extending  from  it  on 
either  side  as  in  P.  falcains.  Occasionally  this  pit  is  developed  into 
a  perforation  paBsing  entirely  through  the  horizontal  poiiion  of  the 
crown.     The  close  contact  between  upper  and  lower  teeth  is  indicateti 
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))r  fine  vertioal  markings,  and  by  the  impress  of  the  more  prominent 
lenticulations  upon  the  outer  coronal  face  of  the  latter,  as  seen  in 
Fig.  1. 

This  species  occurs  in  the  Chester  limestone  of  Kentucky,  at  the 
lumrait  of  the  Mississippian  series ;  in  the  Productive  Coal-measures 
>f  Ohio  and  Indiana ;  and  in  the  Missourian  of  Nebraska. 

PeriprialtB  benniei  (R.  Etheridge,  jun.). 

875.     Petahrhffnehtu  (?)  benniei,   R.  Etheridge,  Jan. :    Geol.  Mao.  [2],  toI.  ii 

(1875),  p.  243,  pi.  vii,  figs.  3,  4. 
.888.     Pri»todu9  benniei,  R.  H.  Tra({uair:  ibid.  [3],  vol.  v,  p.  101. 
.889.     Frittodui  benniei,  A.  S.  Woodward :  Cat.  Poaa.  Fiflhes  Brit.  Mas.,  pt.  i,  p.  64. 

This  species  differs  from  P,  semicirculariB  and  P.  falcatus  in  that 
he  coronal  margin  of  the  upper  tooth  is  not  dentated,  but  acuminate 
tnd  smooth,  and  with  delicate  punctations  like  the  margin  of  the 
ower  tooth,  the  latter  being  as  in  P,  falcatus.  It  is  stated  by 
^mith  Woodward  that  all  the  known  teeth  of  this  species,  which 
>ccur  typically  in  the  Lower  Carboniferous  Limestone  of  Scotland 
ind  Derbyshire,  are  small  in  comparison  with  those  of  the  Yorkshire 
tpecies,  and  some  doubt  is  expressed  as  to  whether  the  non-den tated 
character  of  the  margin  of  the  upper  tooth  should  not  be  considered 
is  of  generic  value.  The  same  author  doubtfully  assigns  one  upper 
x>oth  in  the  British  Museum  to  this  species,  obtained  from  Richmond, 
Yorkshire,  which  appears  to  differ  from  the  typical  teeth  only 
in  size. 

A  second  tooth  from  the  same  locality  as  the  last,  and  apparently 
referable  to  this  species,  is  preserved  in  the  Enniskillen  Collection 
Delonging  to  the  Museum  of  Comparative  Zoology  at  Cambridge, 
md  is  shown  of  the  natural  size  in  Fig.  2.  It  is  quite  well 
preserved,  exhibiting  the  character  of  the  cutting  margin  with 
3erfect  clearness,  and  showing  also  several  folds  on  the  horizontal 
portion  of  the  crown.  It  exceeds  the  specimen  figured  by  Etheridge 
n  size,  and  approaches  that  of  P.  falcatus.  As  the  upper  tooth  of 
P.  concinnns  (Davis)  has  not  yet  been  definitely  recognized  as  such, 
here  are  no  means  of  determining  whether  its  coronal  margin  was 
lerrated,  as  in  P,  semtctrcularis  and  P,  falcatus,  or  smooth  and 
icuminate,  as  in  the  species  under  discussion.  In  the  latter  event 
t  would  probably  be  diflicult  to  distinguish  between  the  upper  teeth 
>f  P,  concinnus  and  P.  benuiei,  unless  size  alone  were  a  criterion, 
llie  slight  extent  to  which  the  coronal  apex  is  produced  in  the 
>re8ent  specimen,  however,  does  not  warrant  its  association  with 
f*.  concinnus  in  the  present  state  of  our  knowledge.  Hence  it  may 
>e  affirmed  that  P.  benniei  accompanies  the  two  other  British  species 
»f  Peripristis  at  the  Kichmond  locality. 
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III. — The  Wood's  Point  Dtkb,  Victoria,  Austraua. 
By  F.  P.  Mennbll,  F.6.S.,  Curator  of  the  Ehodesian  Museum,  Bulawayo. 

THE  Wood's  Point  Dyke  is  intrusive  in  a  belt  of  Silurian  (Upper 
Silurian)  strata  whioh  strike  in  a  direction  somewhat  west  of 
north  and  extend  beyond  Walhalla  on  the  south.  Wood's  Point  ii 
about  75  miles  from  Melbourne  in  an  easterly  direction,  and  is  not 
situated  on  the  coast  as  might  be  inferred  from  its  name.  Ths 
nearest  sea- water  is,  indeed,  some  60  miles  distant  The  dyke  has 
a  north-west  by  south-east  bearing,  and  it  may  be  taken  as  typical 
in  many  respects  of  the  intruHions  which  are  frequently  associated 
with  the  Silurian  rocks  of  the  Victorian  goldfields,  though  it  presents 
several  peculiar  features  of  considerable  interest.  It  penetrates  strata 
of  different  lithological  characters,  and,  as  might  be  expected,  varies 
considerably  both  in  texture  and  in  the  relative  abundance  of  its 
mineral  constituents  along  its  course.  That  absorption  of  the 
surrounding  rocks  has  taken  place  to  a  considerable  extent  may 
be  taken  for  granted  from  certain  of  the  modifications  which  are 
exhibited.  In  several  particulars,  however,  specimens  from  different 
points  along  the  outcrop  agree,  not  only  with  one  another,  but  with 
many  of  the  other  Victorian  Palsdozoic  but  post-Silurian  intrusions. 
We  have,  indeed,  an  illustration  of  what  seems  to  be  a  general  rule, 
that  precisely  similar  minerals  tend  to  develop  in  all  parts  of  the 
same  magma,  even  when  the  various  portions  differ  considerably  in 
chemical  composition,  unless  the  variations  reach  an  extreme  point 
In  other  words,  the  relative  acidity  or  basicity  of  different  portions 
are  expressed  by  differences  in  the  proportions  of  the  same  minerals 
rather  than  by  the  development  of  other  minerals  of  more  acid  or 
more  basic  character. 

Hand-specimens  representing  the  average  appearance  of  the 
Wood's  Point  rock  are  dark-coloured  and  distinctly  granitic  in 
texture.  The  specific  gravity  ranges  as  high  as  2*9,  and  the 
closeness  of  grain  enables  it  to  retain  a  good  polish  which  might 
make  it  valuable  in  the  future  for  ornamental  purposes.  Under 
the  microscope  it  is  seen  to  depart  widely  from  a  truly  plutonio 
structure.  Hornblende  is  the  dominant  constituent,  though  both 
aiigite  and  enstatite  are  also  present.  It  forms  larger  crystals  than 
any  of  the  other  minerals,  but  it  is  certainly  not  *  porphyritic '  in 
the  strict  sense  of  the  term.  The  word  *  porphyritic,'  if  it  has 
any  real  scientific  application  at  all,  must  be  held  to  characterise 
a  mineral  as  of  prior  consolidation  to,  if  not  as  actually  belonging 
to  an  earlier  generation  than,  the  remaining  constituenta.  In  the 
present  instance,  despite  its  relative  development,  the  hornblende 
rarely  shows  the  cryntal  outline  which  would  indicate  early  con- 
Holidation.  In  fact,  it  is  sometimes  moulded  on  felspar,  and  there  are 
even  indications  of  an  opliitic  structure  in  the  occasional  penetration 
of  a  crystal  by  idioniorpliio  crystals  of  the  latter  mineral.  The 
col(Mir  of  the  hornblende  is  brown,  which,  as  pointed  out  by  Teall,' 
18  seldom  or  never  the  case  with  the  varieties  derived  from  augite 

1  ♦♦British  Petrography,''  p.  166. 
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That  it  ia  original  in  the  present  inBtanoe  oan  icaroely  be  doubted, 
despite  the  oooorreaoe  of  the  pyrazenea.  The  prism  angles,  where 
aeon,  are  tboio  proper  to  the  speoies,  and  there  are  no  traces  of  the 
wedge-shaped  outgrowths  or  fibrotia  struoture  so  oharaoteriatio  of 
the  nralitio  varieties.  The  pleoohroism  is  striking,  giviog  deep 
yellow  brown  for  c  to  nearly  colourless  for  a,  while  the  interference 
tints  are  frequently  to  some  extent  inaaked  by  the  strong  absorption. 
The  extinction  angle  in  longitudinal  eectiona  reachea  a  maximum  of 
18°,  while  a  twin  in  which  the  sharp  boundary  of  the  individuals 
showed  it  was  cut  parallel  to  the  oUnopinaooid,  gave  13°  on  each 
aide  of  the  composition  plane. 

The  pyroxeiiea  ere  distinguished  from  the  hornblende  by  their 
cleavage  and  extiaotion  angles  and  their  want  of  colour.  The 
augite  shows  distinctly  stronger  refraction  and  double  refraation 
than  the  hornblende,  while  the  anstatile  gives  low  iiiterferenoe  tints 
and  shows  the  straight  extinction  in  several  longitudiDaJ  sections. 
The  augite  is  eometiiues  surrounded  by  humblende ;  it  may,  however, 
be  regarded  aa  an  inolusiou  in  the  latter  rather  than  as  iutergrowu 
with  it. 


Fio.  1. — Uiirnblendc  Poqihyrite.  Crosccd  nicols,  x  50  diam. 
The  felspar  does  not  all  belong  to  the  same  period  of  coneolidHtion  ; 
indeed,  it  seeme  to  have  been  developed  in  at  least  three  distinct 
j;enerationR  or  re  (generation  8.  The  largest  crystals,  tlinse  which 
are  idiomorphio  towards  the  hornblende,  belong  to  ihe  flrst  perioO, 
smaller  crystals  and  microlites  represent  the  second  generation, 
while  other  small  crystals,  much  the  freshest  conalilueiits  of  the 
rock,  must  be  regarded  as  in  all  probability  of  secondary  origin. 
The  first  class  have  uiidert;one  deoomposilion  to  snoli  an  extent  that 
they  are  nearly  opaque.  They  appear,  however,  (i>  exlingiiisli  almost 
straight,  and  unless  this  is  an  effect  of  decomposition  they  would 
seem  referable  to  oligoclase.  The  second  series  are  somewhat 
fresher  and  exhibit  both  the  Carlsbad  and  Albite  types  of  twinning, 
thuugh  the  lamellce  in  the  tatter  case  are  never  nuuvevoue.     K  ^%'m 
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examples  show  Pericline  lamellation  as  well.  The  maximum 
extinction  angle  in  cases  where  the  lamellas  give  approximttelj 
symmetrical  extinctions  is  about  21°,  so  that  the  species  appetn 
to  be  andesine.  The  third  variety  includes  examples  which  are 
clear,  and  are  often  indistinguishable  from  quartz,  except  bj 
convergent  light,  in  cases  where  there  is  no  twin  lamellation.  In 
a  few  instances  they  show  a  decomposed  core,  and  the  peculiar  form 
of  zoning  is  also  seen  which  Professor  Judd  ^  has  ascribed  to  growth 
after  the  consolidation  of  the  rock.  Well-marked  lamellar  twinning 
is  sometimes  shown,  and  the  species  approaches  albite,  though  the 
outer  layers  are  evidently  more  acid  than  the  interior,  as  shown  by 
their  increasing  angle  of  extinction.  There  is  yet  another  form  of 
felspar  to  be  described,  that  which  occurs  in  considerable  abandanoe 
intergrown  with  quartz.  In  places  it  gives  to  a  slice  the  appeaianoe 
of  a  typical  granophyre.  The  quartz  and  felspar  oooasionally 
radiate  in  psendo-spherulitio  fashion  from  a  centre,  which  is  some- 
times marked  by  an  idiomorphic  crystal  of  decomposed  felspar. 
The  felspar  of  these  micrographio  intergrowths  is  usually  referrod 
to  orthoclase,  microcline,  or  other  acid  type ;  in  the  present  instanoe 
decomposition  prevents  any  attempt  to  determine  the  variety.  The 
quartz  frequently  presents  beautifully  sharp  triangular  sectiooSf 
contrasting  markedly  with  the  cloudy  felspar.  Larger  isolated 
granules  also  occur,  but  for  these  a  secondary  origin  is  generally 
to  be  suspected. 

Of  what  are  usually  termed  accessories  ilmenite  is  by  far  the  most 
abundant,  being  even  noticeable  on  a  polished  surface  of  the  rock. 
It  is,  no  doubt,  the  source  of  the  *  titaniferous  ironsand '  so  comroon 
in  the  auriferous  wash  of  the  neighbourhood.     Incipient  forms  of 
growth  are  the  rule  even  in  the  largest  crystals,  which  are  usually 
built  up  of  plates  or  rods  intersecting  at  angles  of  60°  and  120^,  the 
best  developed  ones  giving  a  somewhat  elongated  hexagonal  section. 
In  many  cases  the  mineral  is   quite  fresh ;    frequently,  however, 
leucoxene  has  been  formed  through  interaction  with  the  decomposing 
felspars.     Occasionally  the  change  has  been  complete,  and  nothing 
remains  but  a  semi-opaque  patch  of  leucoxene,  but  in  most  instances 
the  internal  structure  of  the  original  mineral  is  revealed  in  a  roost 
striking  manner,  a  lattice-work  skeleton  of  ilmenite   being  often 
left  which   shows   up   beautifully   by   reflected   light      Apatite  is 
another  accessory  and  is  also  common.      Some  of  the  prisms  are 
short  and  stout,  and  show  good  terminations ;    usually,  however,  the 
crystals  are  acicular  and  very  long,  several  so  thin  as  to  be  almost 
opaque,  attaining  a  length  of  nearly  2  mm.      Pyrites  and  calcite 
occur  as  decomposition  or  infiltration  products,  but  they  call  for  no 
special  notice.     There  is  also  a  micro-  or  crypto-crystalline  ground- 
mass  present  in  most  slices,  and  what  seems  to  be  some  residual 
gla8s.     It  is  almost  colourless,  and  looks  perfectly  homogeneous  by 
ordinary  light.     Between  crossed  nicols,  however,  it  shows  feeble 
double  refraction,  with  here  and  there  an  approach  to  spherulilic 
structure.      It  has  been  sngc^ested  to  me  that  this  might  possibly 

»  U.J.G.S.,  May,  1S89,  p.  179. 
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be  a  ohloritio  or  lerpentinous  deoompositioD  product,  but  from  its 
rulatioD  to  the  other  mineralB  tbis  Mema  very  unlikely,  and  it  may 
be  looked  upon  with  some  oertainty  as  devitrifyiDg  glossy  material. 

The  above  liesoription  applies  to  the  leading  (and  most  basio)  type, 
which  may  be  olasaedasabornbleacleporphynte,  the  term  porpfayrite 
beiog  applied  in  the  sense  of  a  bypabyssal  equiralant  of  the  dioritea. 
A  few  varietiea,  apparently  ooaraer-grained  in  the  hand -speoi men, 
ibow,  onrioQBly  enough,  oonaiderably  more  orypto-orystalline  ground- 
moM,  while  iu  the  fiuer-grained  varieties  the  hornblende  is  tnuoh 
more  frequently  idiomorpbio  and  takes  oo  forms  similar  to  the 
basaltic  variety.  One  fiae-graiaed  marginal  modifioation  is  very 
toid  ID  obaraoter,  being  of  a  grey  colour  in  band -speoi  mens  and 
■howing  minute  cavities.  The  silioa,  kindly  determined  for  me  by 
Mr.  L.  Ladlow,  reaobea  the  bigb  figure  of  774  per  oent.  The 
chief  feature  of  interest  is  the  ooourrence  of  oordierite,  distinguishect 
by  ita  peculiar  twinning  and  its  biaxial  interference  figure  in 
convergent  polarized  light.  Most  of  the  granules  show  some 
approach  to  crystal  outline  and  are  twinned,  the  interference  tints 
of  the  individuals  being  different  in  oaaes  where  the  extinotions  are 
simnltanaouB.  One  crystal,  though  not  quite  perfect,  nevertheless 
well  illustrates  the  multiple  twinning  of  the  mineral  (see  Fig.  2). 
It  dififers  from  the  form  figured  by  Rosenbuach '  in  the  faot  that  the 
twin  planes  biseot  the  sides,  not  the  angles,  and  the  boundaries 
of  tbe  individuals  are  somewhat  irregular,  while  an  extra  one  ii 
wedged  in  between  two  of  tbe  otbers. 


Osann  has  accounted  for  the  presence  of  primary  oordierite  in 
a  Bomewbat  simitar  rook  as  due  to  the  complete  absorption  of 
fragments  of  oordierite  gneies,  resulting  in  tbe  local  formation  of 
a  magma  containing  an  abnormal  percentage  of  alumina,  from  which 
oordierite  crystallized  out  in  due  coarse.  ]n  this  case  we  have  do 
'  "  Mikniokiiinwln-  I'liVKiiiprajiliii:,"  \A,  xviii,  tig.  I. 
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oordierite  gneiss  to  account  for  the  occurrence,  but  we  have  plenty  of 
aluminous  material  in  the  adjacent  shales,  and,  as  Teall  has  justly 
pointed  out,^  there  is  no  reason  why  the  mineral  should  actually  be 
present  in  the  absorbed  rock.  None  of  the  other  minerals  which  are 
genetically  connected  with  oordierite  and  cdmost  constantly  accompany 
it  are  present  in  the  numerous  slices  I  have  examined,  anless  some 
small  brilliantly  polarizing  crystals  are  to  be  referred  to  sillimanite. 
No  separate  determination  of  the  alumina  has  been  made,  bat  the 
combined  alumina  and  ferric  oxide  come  to  19*8  per  cent,  an  extremely 
high  figure  in  so  acid  a  rook,  leaving  less  than  3  per  cent,  unaoooonted 
for,  after  taking  the  silica  into  consideration.  The  iron  oertaialy 
cannot  be  present  in  large  quantities,  ilmenite,  pyrites,  etc.,  being 
entirely  absent  from  this  part  of  the  rock,  while  the  ferro-magDesiaQ 
minerals  (chloritized  hornblende  and  granular  augite)  are  veiy 
sparingly  distributed. 

The  intrusion  of  such  dykes  as  the  one  described  is  evidently 
related  to  the  formation  of  the  associated  auriferous  veins.  In  the 
case  of  the  Victorian  Silurian  deposits  the  reefs  are  almost  invariably 
connected  with  intrusive  rocks,  while  those  in  the  Ordovioian  strata 
usually  occur  at  or  near  the  contact  with  great  plutonio  masses.  It 
seems  highly  probable,  as  Mr.  Howitt  has  suggested,'  that  on 
following  down  a  dyke  formation  it  would  be  found  to  end  as 
a  contact  deposit  on  reaching  its  plutonic  source.  At  Wood's  Point 
the  reefs  are  nearly  horizontal,  traversing  the  dyke  and  the  shales  in 
the  immediate  vicinity,  the  junction  usually  marking  the  occurrence 
of  rich  ore.  Mineralization  evidently  went  on  coinoidently  with  or 
very  soon  after  the  intrusion  of  the  dykes  during  Devonian  times ; 
indeed,  in  New  South  Wales  and  in  Queensland,  where  the  conditions 
are  very  similar,  detrital  gold  has  been  worked  in  mechanical 
sediments  of  Lower  Carboniferous  and  Permo-Carboniferous  age. 

Where  the  gold  came  from  is  a  question  not  easy  to  answer. 
Some  of  the  Victorian  dykes  have  been  found  on  analysis  to  contain 
gold,  sometimes  as  much  as  ^  oz.  to  the  ton,  but  it  may  always  be 
argued  that  the  enrichment  ot  the  dyke  was  due  to  the  same  causes 
as  that  of  the  lodes  themselves.  It  seems  to  be  generally  believed 
that  the  mineralization  took  place  from  below  ;  to  my  miud, 
however,  the  evidence  seems  to  point  to  the  leaching  out  and 
redeposition  of  the  minute  quantities  of  gold  present  in  the  shales 
by  the  action  of  heated  acid  waters  connected  with  the  intrusion. 
A  fact  which  has,  however,  frequently  struck  me  is  the  almost 
invariable  association  of  gold  in  this  class  of  deposit  with  rocks 
containing  original  hornblende,  and  it  has  been  noted  in  New  South 
Wales  that  in  every  case  where  auriferous  reefs  are  associated  with 
granite  the  latter  is  horn blen die'  Whether  there  is  any  significance 
in  this  aBsociation  remains  to  be  seen,  but  it  certainly  seems  worthy 
of  further  investigation. 

^  Pres.  Address  to  Geol.  Assoc.  1899. 

-  **  The  Downward  Extension  of  Quartz  Reefs'* :  Ann.  Rep.  Chamber  of  Minc^i  of 
Victoria,  1901,  p.  36. 
3  G.  F.  Pittraan :  *♦  Mineral  Resources  of  N.S.W.,'*  p.  02. 
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IV. — A  Fbaomint  of  Physical  Geoorapht:   The  Past  and 

Pbksknt  of  a  bit  of  Dabtmoob. 

By  Harford  J.  Lows,  F.6.S. 

INSTANCES  of  alteration  of  the  courses  of  streams  are  oommon, 
but  these  changes  are  met  with  for  the  most  part  in  the 
allavial  plains  and  flood  areas  at  low  elevations  where  the 
streams  are  approaching  their  termination  in  sea  or  lake.  The 
instance  here  noticed  is  of  a  rarer  kind,  where  a  small  Devonshire 
stream,  the  Bovey  River,  has  accomplished,  with  the  help  of 
contributory  forces,  earth  sculpture  apparently  enormously  out 
of  proportion  to  its  present  insignificant  dimensions,  and  managed 
to  shorten  its  journey  to  join  the  Teign  by  altering  the  direction 
of  the  middle  part  of  its  course  at  a  point  where  its  elevation  is 
considerable. 

The  village  of  Lustleigh  is  well  known  to  most  visitors  to 
South  Devon  as  a  resort  frequented  for  its  beautiful  situation  and 
surroundings.  It  lies  on  the  eastern  edge  of  Dartmoor  where 
three  narrow  and  precipitous  valleys  join  the  broader  one  which 
runs  from  Bovey  to  Moretonhampstead.  Lustleigh  is  particularly 
distinguished  to  visitors  by  what  is  called  the  Cleave.  The  name, 
instead  of  being  used  for  the  valley  or  cleft,  is  in  popular  parlance 
applied  to  a  ridge  of  granite  of  wedge  shape  about  two  miles  and 
a  half  in  length,  upon  the  slopes  of  the  narrow  end  of  which  most 
of  the  village  of  Lustleigh  lies.  This  end  of  the  *  Cleave '  is  crowned 
by  a  noble  disorder  of  granite  masses  which  is  named  from  a  rocking- 
stone,  much  used  for  the  purpose  indicated,  *  The  Nut  Crackers.' 
From  here  in  a  north-west  direction  the  crest  of  the  ridge  gently 
rises  to  another  Tor  or  assemblage  of  bare  granite  masses  called 
Raven  Rocks,  beyond  which  the  ridge  widens  and  rises  to  1,068 
feet,  and  near  some  ancient  earthworks  is  given  the  very  appropriate 
name  of  Hunters*  Tor,  in  that  it  is  a  most  excellent  view  point  in 
all  directions.  This  ridge,  which  for  convenience  sake  I  will  call 
as  a  whole  the  Cleave,  is  in  some  respects  unique  amidst  Dartmoor 
scenery,  in  that  it  more  than  any  other  portion  of  Dartmoor  is 
cut  away  from  the  main  elevated  moorland  by  valleys  and  depressions 
on  all  sides.  In  consequence,  from  several  points  of  view  it  commands 
particular  notice  by  standing  out  in  apparent  independence,  while 
all  other  prominences  are  seen  to  be  connected,  by  only  slight 
depressions  in  the  skyline,  to  the  central  area  of  Dartmoor. 

As  shown  in  the  accompanying  sketch-map,  tbe  north-east  and 
south-west  boundaries  of  the  *  Cleave '  are  formed  by  narrow  deep 
valleys,  which  meet  at  the  wedge  point  where  the  confluent  streams 
have  an  elevation  of  less  than  200  feet  above  the  sea-level.  The 
Bovey  River  flows  along  the  gorge  on  the  south-west,  while  on  tbe 
north-east  a  tiny  stream  has  cut  a  valley  from  the  northern  part 
of  the  Cleave  parallel  to  tbe  Wray,  which  half  a  mile  to  the  east 
over  an  intervening  elevation  of  only  700  feet  occupies  tbe  Moreton- 
hampstead valley. 
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The  northern  boundary  of  the  '  Cleave '  is  marked  b;  a  depreMoa 
along  nhioh  a  motley  aasortment  of  ill-grown  trees  and  undergrowth 
has  obtained  poaaession.  This  narrow  band  of  wood-oovered  land 
is  found  on  oloser  examination  to  be  very  uneven  ground,  made  np 
for  tb«  most  part  of  ridges  and  holes  evidently  of  artificial  arrange- 
ment The  place,  with  its  repellent  pools  of  stagnant  water,  overhang 
by  sprawling  trees  whose  roots  and  lower  branobea  bear  trails  of 
green  slime  left  on  them  by  the  subsiding  water,  strikes  oite  u 
a  weird  spot,  fit  home  for  the  Dartmoor  pixies.     Locally  the  place 


18  known  as  Peck  Pits,  and  baa  been  referred  to  by  a  native  u 
a  '  ghastly  place.'  The  disturbanoe  of  the  material,  probably  by 
the  old  tin  streamers,  reveals  a  considerable  depth,  some  20  feet 
or  more,  of  gravel,  varying  in  coosistence  from  coarse  sand  to 
a  rubble  of  from  3  to  5  inches  in  diameter.  A  orude  arrangement 
of  the  material  as  regards  size  can  be  made  out,  the  coarser  lying 
at  the  foot  of  the  Tor.  All  the  stones  of  which  this  deposit  i> 
formed  are  much  water-worn,  many  being  quite  rounded,  witb  ktr 
that  are  better  described  as  subaogular.  The  deposit  rests  upon 
and  is  well  within  the  graoite  area,  and  contains  nothing  outside 
the  products  of  the  granite  mass.     Most  of  the  material  is  derived 
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rom  the  hardest  Tarieties  of  the  granite,  viz.,  the  tohorl  rook,  elvans, 
ind  quartz  veins;  but  the  former  oonstitutee  muoh  the  gpreater 
>roportion  of  the  ooarser  material,  and  there  is  very  little  of  the 
nore  easily  disintegrated  porpbyritio  granite  to  be  met  with. 

Beoeding  from  the  foot  of  the  Tor  the  drift  material  becomes 
iner,  and  finally  as  sand  mixed  with  humus  forms  cultivable  land. 
i  cutting  made  by  a  roadway  through  a  portion  on  the  opposite  side 
)f  the  strip  from  the  Tor  shows  sand  of  varying  degrees  of  coarse- 
ness, roughly  stratified,  with  the  finer  material  increasing  upwards. 

From  the  description  it  will  be  seen  that  the  materials  are  all 
virater-wom  and  water-borne,  and  are  sorted  out  after  the  manner 
9f  river  drift  where  a  stream,  turned  from  a  direct  course,  by  wearing 
away  the  opposing  mass  loses  much  of  its  canying  power  while 
increasing  the  area  of  drift  deposit  at  the  bend.' 

There  is,  then,  little  doubt  that  this  drift  now  lying  far  above  the 
present  bed  of  the  Bovey  stream  is  the  work  of  that  river,  a  deposit 
made  in  its  earlier  and  probably  more  vigorous  age,  when  its  course 
was  along  the  north  side  of  Hunters'  Tor  and  down  the  broader 
Moretonhampstead  valley,  now  occupied  by  the  puny  Wray  stream. 
But  while  it  was  expending  its  foroe  in  shearing  a  drift  area  on 
the  north  side  of  the  Tor,  a  small  stream  on  the  south-west  of  the 
Cleave  was  cutting  its  way  back  in  a  north-westerly  direction  and 
thus  gradually  approaching  the  bend  of  the  larger  stream,  until 
the  gradually  narrowing  ridge  dividing  the  principal  from  the 
subordinate  valley  became  worn  down  to  the  level  of  the  higher 
and  main  stream,  when  it  would  leave  its  old  circuitous  course  and 
descend  the  more  direct  and  precipitous  one  towards  its  destination. 
The  old  course  and  the  approaching  valleys  are  indicated  on  the 
following  map. 

Half  a  mile  south  of  the  river-deserted  patch  of  gravel  and  near 
to  the  newer  and  present  course  of  the  Bovey  stream  stands  the 
farmstead  of  Foxworthy,  remembered  probably  by  some  who  may 
read  this  note  as  the  moorland  retreat  of  a  well-known  geologist 
and  friend  of  geologists — Mr.  A.  R.  Hunt,  M.A.,  F.G.S.,  eta,  who 
directed  the  Geologists'  Association  for  the  day  and  entertained  them 
at  this  delightful  spot  (Easter,  1900).'  To  him  I  am  much  indebted 
for  geological  help,  and  indeed  he  introduced  the  problem  of  the 
drift,  a  solution  of  which  is  here  offered.  Close  to  Foxworthy  estate 
is  a  peculiarity  in  the  channel  of  the  river  that  may  be  accounted 
for  by  the  turning  of  the  greater  stream  into  the  course  of  a  small 
tributary.  Horsham  Steps  (see  Map  1)  is  an  extraordinary  aggre- 
^tion  of  granite  boulders  choking  the  river  channel  for  a  considerable 
number  of  yards.  These  boulders  are,  generally  speaking,  very 
massive,  so  that  the  interstices  are  sufficiently  large  to  allow  all  the 
water  to  pass  through  them  except  at  times  of  freshets  of  more  than 
average  volume.  The  boulders  are  so  piled  together  that  they  form 
a  natural   fording-place  at  most   states   of  the  stream,  which   at 

^  Referenoefl  to  the  valley  deposits  are  made  in  papers  by  G.  W.  Ormerod,  Quart. 
Joom.  Geol.  Soc.,  vol.  xxiii,  p.  425,  and  Prestwicn,  Geol.  Mao.  for  1898,  p.  414. 
*  Proc.  Geol.  Assoc.,  vol.  xvi,  p.  430. 
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orSianTj  flow  ia  ftlmaat  hidden  several  feet  below  the  higliMt 
'  stepfl.'  Now  it  IB  well  known  that  granite  weathers  imftoUiif. 
Frflqiiently  harder  oorea  oocur  which  reaist  deoay  and  stand  abora 
the  disiategrated  aurfaoe.  Theae,  by  prooeaaea  due  to  tempentnTs, 
denndation,  and  f^vity,  gradaally  make  their  waj  to  the  bottom 
of  the  valley.  They  are  to  be  met  with  in  moat  granite  areai, 
Boattered  about  in  what  might  paradosioally  be  called  an  irregolaritf 
that  has  a  kind  of  nniformity  about  it.  Now  Honham  Steps  hu 
no  parallel  that  T  am  aware  of,  and  it  aeems  to  me  probable  thit 
the  boulders  found  their  way  into  the  bed  of  the  minor  stream  in 


Fio.  2. — Fanner  drainn^  of  name  area  as  repreeented  in  Fig.  t. 


the  usual  scattered  faahion,  hut  that  the  somewhat  sudden  inoreaiw 
of  the  stream  by  the  addition  of  the  waters  of  another  river  with 
much  greater  volume  increased  its  force  and  carrying  power 
sufficiently  to  drive  together  the  boulders  strewn  along  a  rapid 
portion  of  its  course,  in  such  a  manner  that  they  formed  a  support 
to  each  other  and  thus  became  an  immovable  harrier  and  nnusul 
feature. 

As  there  are  data  upon  which  to  base  oaloalatiODS,  it  will  be  of 
interest  to  form  some  idea  of  the  time  which  has  elapsed  aJnoe  the 
river  changed  its  course.  Lord  Avebury,  in  his  "Scenery  of  England," 
cites  OroU  as  estimating  the  mean  rate  of  erosion  by  riven  as  on* 
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»ot  in  t3,400  jeara.  Hr.  CharlM  Davison  (Oiol.  Mao.,  Deoembei^ 
BS9,  p.  411)  gives  reasons  for  thinking  a  foot  in  2.400  years  more 
robable.  Now  if  we  take  the  average  of  these  estimates,  and  make 
lowanoe  for  the  probably  more  rapid  lowering  of  the  bed  of 
river  in  its  earlier  history,  as  well  as  steeper  parts,  we  might 
ike  2,500  years  per  foot  as  the  index  of  erosion  for  the  Bovey 
ream  in  its  apper  oourse.  As  Hhown  on  the  map  the  old  river 
ravel  stands  at  an  elevation  of  750  feet,  while  the  present  height 
f  the  river  at  that  point  where  it  changed  its  oourse  is  630  feet, 
)  that  it  might  be  taken  that  it  has  followed  its  present  oourse 
rest  of  the  Cleave  for  some  300,000  years.  Yet  this  is  but  a  short 
t'ige  in  its  history,  for  from  data  used  by  Professor  Soil  as  in  his 
ildress  to  Section  0  at  the  Bradford  Meeting  of  the  British 
iSRociation,  it  must  be  some  3^  millions  of  years  ago  since  this 
fime  stream  was  helping  to  fill  up  the  Eocene  lake  and  depositing 
be  material  that  is  known  as  *  the  Lignite  formation  of  Bovey 
Vacey.' 

^ — NoTKA  ON  Db.  G.  F.  Matthew's  Cambrian  Ostbaooda   from 

NoBTH-EaSTKBN    AUKKIOA. 

By  ProfoMor  T.  Rupibt  Jonbs,  F.R.S.,  F.G.8. 

nOR  many  years  Dr.  G.  F.  Matthew,  of  St.  John,  New  Brunswick, 
L  has  given  much  attention  to  the  geology  and  fossils  of  the 
istricts  lying  on  or  near  the  north-eastern  seaboard  of  North 
America,  and  has  closely  studied  their  minute  fossils  resembling 
if  not  identical  with)  varieties  of  small  bivalved  EntomoHtracii ; 
nd  he  has  published  his  results  from  time  to  time  in  the  scientific 
•eriodicals  of  Canada  and  the  United  States. 

One  of  the  first  of  his  descriptive  memoirs  on  these  peculiar 
licrozoa  is  in  the  Transactions  of  the  Royal  Society  of  Canada, 
ol.  iii,  1886,  and  treats  of  some  of  these  remarkable  little  organisms 
rom  the  St.  John's  Group  of  Cambrian  strata,  at  pp.  61-66, 
gs.  16-21,  under  the  names  of  Lepidilta,  LepidiUa,  Hipponichorioit^ 
nd  Beyriehonn,  some  being  regarded  as  Ostracoda  and  others  doubt- 
iilly  as  Phyllopoda.  They  were  referred  to  in  the  Reports  British 
Lssooiation,  1889,  p.  174,  and  too  hastily  supposed  to  be  possibly 
percula  of  Pteropods ;  they  must  evidently  be  accepted  as  members 
f  the  Ostraoodous  group. 

The  terminology  nsed  by  Dr.  Matthew  for  these  little  organisms 
an  be  readily  collated  and  fitted  in  with  the  descriptive  terms 
sed  by  other  palsdontologists  for  similar  or  allied  forms.  The 
lodifications  of  the  ovate-oblong  valves  and  of  their  relative 
onvexity  are  not  strange,  except  that  the  ventral  border  in  some 
f  these  forms  is  very  much  expanded  obliquely  downwards  and 
aokwards,  becoming  more  or  less  triangular.  The  '  ocular  tubercle ' 
I  high  up  in  the  antero-dorsal  corner  or  angle  of  the  valve ;  and 
I  often  accompanied  or  surrounded  by  a  circular  indication  of 
^hat  Dr.  Matthew  regards  as  the  mark  of  the  anterior  adductor 
lascle.  The  central  muscle-spot,  common  in  the  Leperditiau  family, 
)  not   recognized.     Most  of  the  described  specimens  iVv^  ^MN^Cis^'t 
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refers  to  the  new  family  Bradoriidas ;  and  they  appear  to  be  allied 
to  Aparehiie9  and  Leperditta.  StpponicharioH,  by  its  superficial 
ridges,  seems  to  be  the  only  representative  of  the  Beyriohiidas. 

'  2  y 


OuTLiXES  OF  THB  KiOHT  Yalye  OF  80MB  OF  THE  Gekbba. — Fig.  1,  Indiana; 
2,  Bradorona ;  3,  Beyriehona ;  4,  Hipponicharion  ;  5,  Bradot-ia ;  6,  Eiea*(ma. 

In  pi.  i  of  the  memoir  No.  10,  figrs.  1-6  fhere  copied)  are :  *'  Diagrammatic  figvei 
of  genera  to  show  important  characters  reierred  to  in  the  text — o,  ocular  tubcrae; 
iHy  scar  of  adductor  muscle ;  c,  cardinal  or  hinge-line ;  a,  anterior  cardinal  curre ; 
by  posterior  cardinal  curve  ;  e^  anterior  marginal  curve  ;  d,  posterior  marginal  curre ; 
r,  ventral  margin." 

The  small  letters  o  to  f  are  omitted  for  the  sake  of  clearness  in  these  copies,  bat 
the  features  referred  to  are  sufficiently  distinct. 

The  following  list  indicates  the  succession  and  subjects  of  those 
of  the  above-mentioned  memoirs  that  contain  descriptions  and  often 
illustrations  of  these  very  ancient  Eutomostraoan  remains  : — 


o     • 

.  a 

O    M 

1 

2 
3 
4 
6 
6 


H 
H 

< 

Q 
1886 
1890 
1894 
1895 
1896 
1898 


Paktictlar  Faun^b  and 
Formations. 

Lower  Cambrian :    St.  John  Group    Trans.  Roy.  Acad.  Canada,  vol.  iii. 
Lower  Cambrian     Trans.  Roy.  Acad.  Canada,  vol.  vii. 


Lower  Cambrian    ... 
Protvlenng-zone 
Pa  radoxides  -  zone    . . . 
Cambrian :  St.  John 


Trans.  Roy.  Soc..  Canada,  vol.  a. 
Trans .  Xew  York  Acad.  Sci. ,  vol  xiv. 
Trans.  New  York  Acad.  Sci. ,  vol.  xt. 
Trans.  Roy.  Soc.  Canada,  ser.  u, 
vol.  iv,  sect.  4. 

7  1899    Etcheminian  group  of  Cape  Breton    Bull.  Nat.  Hist.  Soc.  New  BraDS> 

wick,  VIII,  vol.  iv. 

8  1899    Etcheminian  group  of  Newfoundland    Trans.  Roy.  Soc.  Canada,  ser.  n. 

vol.  v,  sect.  4. 

9  1 899    Etcheminian  group  of  Newfoundland    Bull.  Nat.  Hist.  Soc.  St.  John,  New 

Brunswick,  xvin,  vol.  iv. 
10     1902    Etcheminian  of  Cape  Breton        ...     Canadian  Record  Sci.,  vol.  viii. 

The  geological  formations  or  terranes  of  the  north-eastem  pari 
of  America  concerned  in  Dr.  Matthew's  researches  are  noted  in  the 
memoir  No.  4,  p.  102,  as — 

I  Ccratopyge  idLxmti    Upper  Tremadoc. 


Upper  Cambrian 


Lower  Cambrian 


iPeltura  fauna  ... 
^>/^/iM«  fauna   ... 
(  Paradoxides  fauna 
I  Olenellus  fauna  * 


Lower  Tremadoc. 
lingula  Flags. 
Menevian  and  Sdva. 
Caerfai  Group. 


'  At  p.  lOo  referred  to  t\ie  "EViViemiBiwi.  «\a^  QV"5i^-Cambrian  age. 
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he  St  John  Oroap  in  the  Camhrian  terrane  of  New  Bninawiok 
Lven  in  memoir  No.  4,  pp.  105  and  109,  aa  follows  : — 


BRIAN 


•Cambrian... 


{Divuion  3.  Bretonian  ...     TetragraptuM  fauna. 
„      2.  Johannian  ...     « place  of  the  OUmu  fauna. 


1.  Acadian 


FaradaxidsM  and  ProtoUnut  fauna. 


he  Ostracoda  peonliar  to  the   three  divisions  or  zones  of  the 
leminian  terrane  underlying  the  St  John  Groap  in  Cape  Breton, 

to  the  still  lower  Coldbrook  terrane,  are  tabulated  at  pp.  438 

439  in  memoir  No.  10. 

OF  Gbnula  and  Spicna  or  Ostracoda  from  Lower  Paljsozoic  Strata, 
DB8CRIBID  BT  Dr.  G.  F.  Matthbw,  1886-1902. 


B. 


Memoirs. 

Hipponieharion  eoi  .     .  1,  2,  3 

„         eavatum  .     .  2,  3 

,,        minuM  2,  3 

Beyriehona  papilio  .     .  1,  4 

titua  ...  1,  5 

planata   .     .  4 

triangula  4 

ovata^     .     .  4 

„        rotundata  4 

Primitia  euadiea  1,  4 

aurora*  .     .  3,  4 

oeulata*  .     .  4 

?/usiformiM .  4 

pyriformit   .  6 

Zepidilla^  alata  ...  1,  5 

ofwmala  .     .  1 

curta.     .     .  1,  5 

awieulaia    .  3,  5 

nffillata  .     .  3,  4 

Zeperditia  ?  ventrico»a  .  2 

?  SUadi  .     .  2 

P  nUttor  .     .  4 

P  primava    .  4 

,,         ruffota     .     .  10 

Aparehitet^  seeundus    .  4 

P  robusius  6 


ft 
ft 
If 


»» 
»» 


»» 

»» 

»» 


tf 

tf 


tf 


Dati. 

1895. 

1899. 

1899. 
1898. 
1899. 
1899. 

1899. 

1899. 
1899. 

1902. 

1902. 

1902. 

1902. 
1902. 
1902. 
1902. 

1902. 


Mbmoirs. 


») 


>> 


f» 


ft 


Sehmidtella  Gamhriea    . 

fpervetM  and 

1  mutation  . 

avita  .     .     . 

Beyriehia  P  prifnata     . 

Bradoria  ^  seruiairix  *  . 

vigilant   and 

3  mutations 

rugulota  and 

1  mutation . 

„        P  amata  .     . 

Aptyehopaia  terra-noviea 

and  1  mutation. 

Bradorona''   pertpeetrix 

and  3  mutations 

tpeetatrix  and 

3  mutations 

ohiervatHx  and 

1  variety  and  2  mutations 

Btca^ona  '  rutellum  .     . 

P  v^^M     .     . 

P  ingen$  .     . 

oi^a/t«    and    1 

mutation  . 

lippa .     .     . 


»» 


tt 


>f 


Indiana 


f> 


7,10 

7,  10 

6 

7,  10 

7,  10 

7,  10 
7,  10 

8,  9 

10 

10 

10 
10 
10 
10 

10 
10 


Q  the  foregoing  list  there  are  enumerated  13  genera,  comprising 
ipecies,  with  1  variety  and  15  mutations  (changes  or  stages). 

Beyriehona  ovata  of  the  Protolenm -zone  ia  referred  to  the  genus  Eteatona  at 

58  of  memoir  No.  10. 

Primitia  aurora  and  P.  oculata  are  referred  to  the  genus  Bradoria  at  p.  452  of 

oir  No.  10. 

Ltpidilta  and  Lepidilla  have  Xcirif ,  a  scale,  for  their  root. 

Another  species  of  Aparehites  {A.  eonehiformit)  is  referred  to  at  p.  454  of 

.oir  No.  10  as  belonging  to  the  ProioUnni-zonsi, 

Bradoria  is  derived  from  the  Lake  '  Bras  d*or '  (•)»  "^  C^P®  Breton. 

Scnitatrix  is  corrected  from  aerutator.     So  also  perspectrix,  tpeetatrix,  and 

•vatrix  are  corrections. 

Bradorona  is  regarded  as  the  augmentative  of  Bradoria, 

Eteotoua  seems  to  have  been  derived  from  Escosonie  in  Nova  Scotia  (see  memoir 

4,  pp.  444  and  445),  or  Cape  Breton  (ibid.,  pp.  454  and  456).     We  may  note 

the  genera  Kirkbya  and  Kloedenia  are  referrea  to  and  misspelt  here  and  there 

le  text. 
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VI. — Note  on  the  Upper  Chalk  of  LmooLNBHiBB. 

By  William  Hill,  F.G.8. 

IN  the  Geology  of  East  Lincolnshire,  a  memoir  of  the  Ckologioil 
Saryey  published  in  1889,  the  whole  of  the  flint-bearing  C%alk 
of  that  ooanty  above  the  Melboam  Rock  was  referred  to  as  Middb 
Chalk,  and  no  horizon  was  foand  which  could  be  regarded  as  the 
equivalent  of  the  zone  of  Rola$Ur  planm^  or  the  Chalk  Book  of 
the  Midland  counties. 

As  our  knowledge  of  the  fossils  of  the  Upper  Chalk  inoreased, 
the  occurrence  of  Inftdaater  exeeiUriciu,  ^chinoconuB  glohmlu$,  and 
Rhynchonella  limhaia,  which  had  been  collected  by  Mr.  Bhodei 
from  a  quarry  at  Acthorpe,  near  Louth,  sugg^ted  to  Mr.  Jnket- 
Browne  that  there  might  after  all  be  some  part  of  the  Upper  Chalk 
exposed  in  north-east  Lincolnshire ;  and  for  the  purpose  of  obtaining; 
evidence  on  this  point  I  made  two  visits  to  this  locality  in  1897 
and  1898,  and  was  fortunately  enabled  to  establish  the  fact  of  its 
existence  in  this  county.  The  zone  of  JEtolaster  planu$  was  well 
marked  in  a  quarry  near  Boswell  Farm,  half  a  mile  north-west 
of  North  Elkington,  about  three  miles  north-west  of  Louth.  The 
section  here  was  as  follows : — 

Clayey  gravel  and  chalk  rubble       

White  chalk  with  three  layers  of  large  flat  flints  and  some  scattered 

flint  nodules.     Echinoeorys  seulatut,  Mieratter  ZetkH 

Firm  white  ch&lkf  Mieraster  Leskei  

A  thick  continuous  floor  of  flint       

White  chalk,  rather  harder,  with  ffolatier  planus,  Miertuter  Lttkei, 

and  EchinoeoryM  tcutaius  

A  thick  layer  of  intermingled  chalk  and  flint         

Firm  white  chalk  with  a  layer  of  large  flat  flints  (partly  obscured) 
Harder  chalk  with  two  layers  of  intermingled  chalk  ana  flint 

31    4 

The  typical  fossils  of  the  zone  occurred  in  the  upper  part  of  the 
section  only ;  the  specimens  of  Micrcuter  Leskei  were  large  ones. 

Quarries  to  the  eastward  between  Elkington  and  Fotherby ,  and  again 
near  North  Ormsby,  expose  another  set  of  beds,  which  must  be  very 
nearly  on  the  same  horizon  as  those  at  Boswell,  and  are  different  from 
any  seen  to  the  south  of  Louth.  These  beds  have  been  described 
in  the  memoir  of  the  Geological  Survey,  and  are  characterized  by 
the  existence  of  continuous  floors  of  grey  flint,  each  about  6  inches 
thick,  these  flint  layers  often  containing  inclusions  of  hard  yellowish 
chalk.  Fossils  are  not  common  in  these  beds;  Mr.  Jukes- Browne 
informs  me  that  Mr.  A.  Burnet,  of  Leeds,  has  recently  found  some 
in  the  quarry  about  three-quarters  of  a  mile  west-aouth-west  of 
Fotherby,  though  unfortunately  they  are  not  su£5cient  to  prove  the 
exact  age  of  the  Chalk  containing  them.  Mr.  Jukes-Browne  has 
identified  them  as  follows :  Septtfer  lineatua  (in  flint),  Inoeeramti 
Brongniartn  Plieatula  sigillina,  RhynchoneUa  Ouvteri,  Serpuia  sjv, 
and  a  spine  of  Cyphosoma,    The  occurrence  of  Septi/er  /tneoiai  ^ 


ft. 

in. 

6 

0 

5 

6 

3 

0 

0 

5 

2 

9 

0 

8 

6 

0 

7 

0 
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ly,  as  it  is  not  tmoommon  in  the  zone  of  JIola$ier  planuB^ 
arious  that  Echinoderms  should  be  so  rare  in  this  set  of  beds, 
is  no  appreciable  dip  in  either  of  the  aboYO-mentioned 
and  it  is  therefore  impossible  to  say  for  certain  whether 

near  Fotherby  is  stratigraphioally  higher  or  lower  than 
tswell,  but  the  balance  of  aTailable  eyidenoe  is  in  faToar 
ding  a  little  lower,  for  the  Fotherby  quarry  is  at  a  rather 
bI  than  the  other,  and  the  absence  of  Uehinoearyi  suggests 
orison. 

chalk  with  intercalated  layers  of  flint  extends  northwards 
eastern  border  of  the  Chalk  Wolds,  and  exposures  of  them 
ioned  in  the  Survey  memoirs  on  the  geology  of  Sheets 
^y  but  no  fossils  indicative  of  Upper  Chalk  were  obtained 
of  them.     In  1899,  however,  I  found  Chalk  with  JEtolasier 

a  quarry  half  a  mile  south-east  of  Eermington,  near 
y,  where  the  following  succession  was  visible  : — 

ft.  in. 

1  nibble         »..        ...        ...        ...        ...        ...        ...  4    0 

rhite  chalk,  weathering  into  thin  irreg^ular  platy  pieces     ...  19 

ions  layer  of  solid  grey  flint 0    6 

rhite  chalk  as  above,  with  layer  of  flat  lenticular  flints      ...  3    6 

lous  layer  of  solid  grey  flint 0    6 

chalk,  rather  soft  ^id  shaly,  at  the  top  Holmter plamu  ...  10 

rhite  chalk,  breaking  into  thin  flattish  pieces         3    6 

int,  nearly  continuous,  but  separated  in  places  into  detached 

)ular  flints      0    6 

rhite  chalk  with  only  a  few  scattered  nodular  flints  ...  9    0 

he  lithological  characters  seen  here  I  believe  this  quarry 
or  just  below  the  zone  of  Sblaster  planua.  In  the  large 
arries  at  Barrow  I  found  a  good  specimen  of  JEehinoeoryB 
lesides  fragments  which  I  should  refer  to  this  species.  The 
d  features  of  the  Chalk  at  this  horizon  are  well  marked  ; 
itself  is  firm,  almost  hard,  and  weathers  into  thin  platy 
coming  softer  at  the  higher  horizons.  The  flint,  besides 
in  the  ordinary  nodular  form,  occurs  also  in  lenticular 
re  or  six  inches  thick,  which  can  only  be  described  as 
though  they  do  not  form  the  even  continuous  floor  seen 
alar  flint  of  the  South  Coast  clififs.  They  present  rather  the 
e  of  a  series  of  large  mammillated  flints  all  on  the  same 
rging  in  places  to  one  unbroken  layer  of  considerable  extent. 
he  foregoing  evidence  the  fact  that  Upper  Chalk  occurs 
nshire  seems  well  established.  I  could  find,  however, 
ce  to  indicate  an  exact  horizon  which  could  be  taken  for 
lor  could  I  find  a  quarry  or  series  of  quarries  to  give  me 
;e  of  Chalk  with  flint  nodules  in  the  zone  of  Terebratulina 
Chalk  with  the  tabular  flint  layers. 

hological  features  which  are  associated  with  M.  LeaJcei, 
,  and  EcJiinoeoryB  seutatuBy  viz.,  firm  chalk  with  layers  of 
ibular  flint,  passing  upward  to  softer  chalk  with  nodular 
inues  through  Yorkshire.  For  instance,  H. planus  associated 
iocorys  seuiatua  occurred  in  chalk  with  maa^vv^  \;q\^\A!KC  ^\\i\» 
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in  the  railway  catting  jnat  west  of  Enthorpe  Station,  near  Maiket 
Weighton.  The  oTerljing  chalk  was  softer  with  flint  nodulea»  and 
here  and  there  a  tahalar  layer. 

A  small  quarry  at  the  taming  of  the  lane  to  Goodnuuiham  Lodge 
Farm  showed  three  layers  of  tahalar  flint.  SoUuter  flammt  wai 
oomroon  in  the  Chalk.  The  position  of  this  qaarry  is  jast  heyoad 
a  catting  (now  grassed  over)  in  the  railway  west  of  Kipling  Gotei 
Station,  where  Mr.  Allen,  oollector  for  the  G^l<»gioal  Survey,  found 
Micrattert  now  referred  to  as  Mieratier  prmemrwor.  The  horison  of 
the  quarry  is  a  little  lower  than  the  cutting. 

The  Chalk  in  Y4>rkshire  containing  layers  of  flint  haa  been  noticed 
by  Professor  Blake,  who,  unable  to  agree  with  the  divisions  of 
Barrois,  formulated  a  classification  based  on  the  characters  of  the 
flints.^  He  gives  a  thickness  of  50  feet  to  *'  Chalk  with  tabular  flint,** 
and  calls  it  the  barren  zone.  This  *'  Chalk  with  tabular  flint "  is 
undoubtedly  the  continuation  of  that  of  Lincolnshire,  and  we  may 
take  it  as  being  roughly  the  equivalent  of  the  nodular  Chalk  of  the 
south-east  of  England  and  of  the  Clialk  Rock  of  the  Midland  ooonties. 


YIL — Oh  some  Examples  of  Maeime  ahd  Subaemial  Ebosiov. 

By  HORACB  WOOLLASTOX  MoXCKTON,  F.L.S.,  F.G.S. 

ON  the  excursion  of  the  Geologists  Association  to  Gk>wer  last 
Easter  our  Director,  Mr.  R.  H.  Tiddeman,  showed  ns  a  series 
of  examples  of  the  celebrated  raised  beach,  and  a  good  deal  of  dis- 
cussion arose  as  to  its  relation  to  the  other  recent  deposits  of  the 
district.  Into  those  questions  I  do  not  propose  to  enter  on  this 
ooxsasion,  but  will  acct^pt,  what  all  admitted,  viz.,  that  the  heach 
is  an  old  sea  beach,  that  the  platform  upon  which  it  rests  is  tie 
work  of  the  waves,  and  that  it  has  been  raised  to  its  present  position 
by  earth-movement. 

Tlie  platform  is  formed  of  solid  rock,  Carboniferous  limestone, 
which  for  the  most  part  dips  at  a  very  high  angle,  so  that  the  old 
beach  rests  upon  the  upturned  edges  of  the  strata.  We  were  shown 
one  particularly  interesting  example  between  Caswell  Bay  and 
Brandy  Cove;  there  the  rock  platform  is  some  20  feet  above  the 
present  beach. 

Its  top  is  fairly  level,  but  a  transverse  section  would  probably 
show  a  dip  seawards.  The  old  beach  has  become  consolidated  into 
a  calcareous  breccia,  and  rests  on  the  platfoim,  which  has  been  some- 
what eroded  in  places,  so  that  in  one  place  the  beach  projects  beyond 
it.  Close  by,  Mr.  Tiddeman  drew  our  attention  to  a  rounded  knob 
of  rock  rising  a  few  feet  above  the  platform,  which  had  no  doabt 
stood  out  above  the  shore  and  projected  through  the  old  beach.  Tlie 
irregularities  of  the  platform  under  the  l)each  are  no  doubt  largely 
due  to  t))e  fact  that  it  is  limestone  and  subject  to  decay  underground. 
In  one  locality  on  tlie  coast  to  the  left  of  the  estuary  near  Penarl 
Castle  our  Director  showed  us  a  place  where  the  platform  is  overlain 
by,  and  consequently  protected  by,  a  considerable  thickness  of  beacb 

»  '*  On  the  Chalk  of  Yorksliirc*' :  Proc.  Geol.  Assoc.,  1878,  vol.  v,  p.  232. 
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rabble.  I  notioed  the  snrTaee  wm  then  mooh  more  reguUr,  the 
oHtting  thn>u|;h  both  limeetone  and  oalcite  very  Bvenly. 
e  may  therefore  deeoribe  the  platform  ai  a  tolerably  level  plain, 
here  aod  there  knobi  of  rook  projecting  above  it,  and  it  is  moat 
active  to  compare  it  with  the  sbore  in  fri)Qt  of  it  The  sea  ie 
taking  another  slice  off  the  upturned  limeetone  beds.  Qradually 
old  beach  ia  removed,  then  the  old  platform  ia  worn  into 
Ueotion  of  jagged  poinla,  and  tbeee  are  by  degreea  planed 
',  and  a  new  and  fairly  flat  rock  floor  is  cleared  with  a  slope 
ard.  Still,  some  piirtB  take  longer  to  wear  away  than  othera, 
Enoba  of  rook  stand  up  in  places.  What  the  width  of  the  old 
1  may  be  I  do  not  know,  perhaps  no  wider  than  the  modern 
orm  iu  front  of  it. 


e  Raised  Beach. 

was  more  especially  intcrest«d  in  these  platforms  as  I  have  some 
aintance  with  a  similar  feature  on  a  very  mnch  larger  scale  on 
coast  of  Norway.  It  was  described  by  I>r.  Hans  ReuHob  in 
Tear  Book  of  the  Norwegian  Geological  Survey  for  1892-93 
fltiania,  1691),  and  I  have  siuce  had  opportunities  of  examining 
1  of  it. 

le  coast  plain,  as  Keusch  terms  it,  extends  along  most  of  the 
t.  Like  our  Giiwer  platform  it  is  cut  in  solid  rock  ;  it  runs  like 
elf  along  much  of  the  mainland,  and  forms  many  an  island, 
be  case  of  other  islands  it  runs  all  round  them,  producing  an 
larance  which  has  been  compared  to  a  hat  floating  on  the  sea, 
rn  uppermost,  hence  such  names  ae  Torghatten  ('  market  hat '). 
he  cuast  plain  is  usually  but  little  elevated  above  the  sea,  and 
I  towards  the  land  to  a  height  which  varies  in  different  places. 
Beusch  thinks  its  topmost  limit  ia  about  300  feet.  Its  surface 
>unded  and  ice-worn,  and  he  places  the  date  of  its  formation 
jr  before  the  To©  Age,  or  during  intervala  in  that  period  when 
Doast  was  free  from  ice. 
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The  ooast  plain  is  partioularly  well  seen  near  the  month  of  the 
Hardanger  Fjord.  Moantains  and  low  hills  rise  sharply  above  the 
flat,  which  is  dotted  with  houses  and  farms.  At  first  sight  this  flat 
might  be  taken  for  sand  or  graTellj  shore  deposit,  but  walking 
over  it  one  finds  that  it  is  solid  rook  with  bat  little  snperficisi 
aooamnlation.  This  flat  belongs  to  the  ooast  plain.  In  most 
eases  it  looks  flatter  from  the  deck  of  a  boat  than  when  one 
is  upon  it  In  faot,  there  are  many  hummooks  like  the  one 
Mr.  Tiddeman  showed  us  on  the  old  Gk>wer  platform.  There 
are  also  valleys  no  doubt  excavated  sinoe  the  ooast  plain  rose 
above  the  sea. 

Most  of  the  towns  of  the  Norwegian  ooast  stand  on  the  oout 
plain,  and  I  may  take  Bergen  as  an  example,  sinoe  I  know  it  well 
myself,  and  it  is  probably  also  known  to  many  of  my  readers. 
Bergen  is  for  the  most  part  built  on  solid  rook,  the  Bergen  Schist 
The  rock  is  worn  into  irregular  hummocks,  with  a  tendency  to 
a  N.W.  and  S.E.  trend.  One  of  these  projects  between  the  two 
liarbours  forming  the  Nordaes ;  on  its  top  stands  the  old  fort 
Fredriksborg,  nearly  100  feet  above  the  sea.  Bock  is  seen  all 
aronnd  the  fort  and  out  to  the  end  of  the  peninsula.  Inland  the 
rook  slopes  downwards,  and  there  is  a  flat  space  known  as  the 
meadow  (Engen),  on  both  sides  of  which  fairly  steep  streets  ran 
down  to  the  s^a. 

On  the  opposite  side  of  the  harbour  to  the  north  another  knob  of 
rock  bears  the  fort  Sverresborg,  and  to  the  south  a  smaller  knob 
forms  Sydnaes.  This  irregular  rock  surface  is  all  coast  plain,  and 
it  is  sharply  marked  off  from  the  mountains  which  rise  from  it  very 
abruptly  on  both  sides.  Inland  the  valley  between  the  mountains 
continues,  and  in  it  are  some  small  lakes ;  probably  when  the  sea 
stood  at  the  level  of  the  coast  plain  this  was  a  'sund,'  and  the 
mountains  south- west  of  Bergen  formed  an  island. 

The  coast  plain  is  well  marked  around  Os,  south  of  Bergen,  and 
there,  as  in  many  other  places,  I  noticed  how  abruptly  the  higher 
hills  rise  from  a  flat  rock  coast  plain. 

Dr.  Keusch  remarks  that  all  the  way  from  Stavanger  northwards 
to  Aaisund  the  coast  plain  is  for  the  most  part  bare  rock,  without 
any  covering  of  loose  material.  He  gives  a  few  exceptions,  such  as 
the  brickfields  near  Bo  on  the  east  side  of  the  north  of  Kann  Isle, 
a  tract  round  Fitje  Church  on  Storen,  and  the  Isle  of  Herlo  north 
of  Bergen. 

Around  Aaisund,  he  says,  there  is  a  good  deal  of  glacial  gravel 
At  the  same  time,  as  I  saw  myself,  a  good  deal  of  rooky  coast  plain 
is  exposed  near  and  north  of  Aaisund. 

The  coast  {)lain  of  Norway,  like  the  raised  rock  platform  of 
Gower,  is,  I  take  it,  a  base-level  of  marine  erosion,  and  is  evidence 
that  t)ie  sea  at  the  time  of  its  formation  stood  higher  or  the  land 
lower  than  it  does  now.  The  probability  is  that  it  is  the  level  of 
the  land  which  has  altered,  for  (hough  the  old  coast  plain  is  now 
above  the  sea  along  nearly  the  whole  coast,  it  is  believed  by  Rensch 
to  have  been  depressed   below  sea-level  in  the  neighbourhood  of 
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Statland.  The  well-known  headland  there  rises  sheer  from  the  sea, 
hnt  he  remarks  the  steep  slope  does  not  go  far  down  under  water. 
The  fitihery  oharts  show  that  the  50  fathom  line  is  from  2  to 
3  miles  from  the  land,  and  in  that  distance  there  are  sunken 
rocks  rising  to,  or  nearly  to,  the  surface,  that  is  to  say,  they  belong 
to  the  coast  plain  now  under  water. 

In  the  north  of  Norway  Dr.  Reusch  notes  that  the  coast  plain 
is  duplicated.  He  more  especially  refers  to  the  tract  around 
Torghatten,  the  celebrated  island,  the  mountain  upon  which  has 
a  hole  through  it  There  we  see  two  coast  plains,  the  upper  with 
a  level  of  about  300  feet  and  the  lower  forming  the  usual  flat 
stretch  a  little  above  the  sea.  We  should  get  a  similar  result  in 
Gower  if  further  elevation  were  to  take  place  now,  for  the  present 
sea-shore  would  form  a  second  raised  platform,  and  the  sea  would 
then  begin  to  cut  another  slice  off  the  rocks  at  its  new  level. 

It  is  not  easy,  in  most  cases,  to  prove  by  any  definite  evidence 
whether  a  tract  of  surface  is  the  result  of  marine  erosion  or  has  been 
produced  by  subaerial  denudation.  The  platform  upon  which  the 
Gower  raised  beach  lies  is  clearly  the  work  of  the  sea,  and  I  think 
Dr.  Reusch  has  established  the  coast  plain  of  Norway  as  being  the 
work  of  the  sea  too,  though  it  has  no  doubt  been  somewhat 
modified  by  subaerial  denudation,  and  more  especially  by  ice-action 
since  its  elevation.  On  the  other  hand,  it  has  been  found  possible 
to  prove  that  the  vnde  flat  plateaux  of  South  and  East  Berkshire 
and  the  neighbouring  parts  of  Surrey  and  Hampshire  are  the  work 
of  subaerial  eroding  agents.  They  are  largely  covered  by  sheets  of 
gravel,  which  has  been  proved  by  its  peculiarities  of  composition 
to  be  gravel  of  different  rivers  (Q.J.G.S.,  1892,  vol.  xlviii,  p.  29). 
In  fact,  these  flat  Berkshire  and  Surrey  plateaux  were  the  bottoms 
of  valleys  at  the  time  of  the  deposition  of  the  gravel  which  caps 
them,  and  the  gravel  being  harder  than  the  sides  of  the  valleys  has 
better  resisted  the  agents  of  denudation. 

That  it  is  possible  to  produce  definite  evidence  in  this  case  is, 
however,  due  to  conditions  which  do  not  hold  in  all  places.  Thus 
the  valleys  of  the  country  around  London  are,  to  a  large  extent, 
newer  than  the  Drifts  which  lie  at  high  levels  around  them,  and  to 
a  large  extent  the  Drifts  have  either  survived  or  are  newer  than  the 
Ice  Age.  In  many  parts  of  England  the  surface  of  the  solid  geology 
is  hidden  by  great  accumulations  of  Glacial  Drift,  and  in  mountainous 
regions,  such  as  North  Scotland  and  Norway,  the  rock  surface  hns 
been  swept  clear  of  all  soft  deposits  by  ice,  and  we  have  only  the 
beds  of  gravel,  sand,  clay,  etc.,  which  have  been  left  by,  or  have 
accumulated  since,  the  retreat  of  the  last  glacier  or  ice-sheet. 

The  district  at  the  head  of  the  Hardanger  Fjord,  in  Norway,  has 
especial  attraction  for  me.  It  is,  for  one  thing,  not  yet  free  from 
ice,  and  a  snowfield,  the  Hardanger  Jokl,  covers  a  considerable  tract. 
In  the  second  place,  the  main  surface  features  seem  to  be  the  result 
of  subaerial  denudation.  Dr.  Hans  Reusch  has  quite  recently  dealt 
with  this  question  in  the  Year  Book  of  the  Norwegian  Geological 
Survey  for  1900  (Kristiania,  1001),  and  I  am  much  mtai^^\fc^  \» 
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find  that  he  is  even  more  subaerial — if  I  may  use  suoh  an  ezpreaaioii^ 
than  myself.     The  best  known  of  the  valleys  at  the  head  of  the 
Hardanger  Fjord  is  that  leading  up  to  the  celebrated  waterfall,  the 
Yoringfoss.     At  the  top  of  the  fall  is  the  Fosli  Hotel,  and  if  we 
mount  up  to  it  we  find  ourselves  upon  a  wide  stretch  of  moorland 
with  rounded  hills  and  wide  open  valley,  through  which  flows  ths 
River  Bjoreia.     Whatever  may  have  been  the  origin  of  this  sarfaoe 
it  has  been  clearly  modified  by  ice-action,  for  all  the  rock  aurfaoet 
are  smoothed  and  rounded  and  erratic  blocks  abound.      I  noticed 
one  boulder  of  coarse  granite,  6  feet  high,  on  the  moor,  and  tht>re 
are  many  others  of  considerable  size.     How  long  a  time  may  have 
elapsed  since  these  bodlders  were  brought  to  this  spot  I  oannot  say, 
but  the  perpetual  snow  probably  covered  the  ground  in  quite  recent 
times,  for  the  Hardanger  Jokl  is  only  some  8  miles  away  to  the 
north-west,  and  I  believe  only  about  2,300  feet  above  Foali,  the 
level  of  which  is  about  2,200  feet.     There  is  a  good  deal  of  peat  on 
the  moor,  and  it  looked  thick  in  places,  but  I  could  find  no  other 
superficial   deposit.     Though   there  is  a  general  rounding  of  the 
outlines  of  mountain  and  valley  here,  I  could  see  nothing  which 
suggested  a  platform   of  marine   denudation   like  the   Norwegian 
coast  plain.     There  seemed  no  point  of  which  one  could  say,  **  Here 
the  mountain  rises  abruptly  from  the  plain,"  as  one  so  often  can  in 
the  case  of  the  coast  plain.     It  is  true  the  notch  of  the  old  margin 
might  have  become  full  of  talus,  but  with  the  exception  of  the 
slopes  of  one  mountain,  Qrytefjeld,  there  seemed  very  little  talus. 
On  the  whole  it  seemed  to  me  that  these  valleys  were  the  result 
of  subaerial  denudation.     In  this  I  find  Dr.  Reusch  concurs,  and 
he  classes  this  moorland  as  belonging  to  what  he  names  the  Palnio 
surface  of  Norway.     So  far  as  Norway  is  concerned  he  is  disposed 
to  define  this  surface  as  the  surface  which  existed  with  its  principal 
features   before   the   Quaternary  Period,  and   thus   the   surface  of 
Terliary  or  even  older  times. 

If  I  am  right  in  thinking  that  the  gravel  of  Chobham  Ridges,  in 
Surrey,  is  a  river  gravel  of  the  earliest  Glacial  or  even  of  Pliocene 
date  (Q.J.G.S.,  vol.  liv,  p.  193),  then  the  surface  upon  which  it  lies 
is  a  bit  of  the  Paleeic  surface  of  England,  the  bottom  of  a  Palieio 
valley  in  fact.  In  Norway,  where  the  rocks  are  hard,  we  have  the 
Palaeic  hills  and  valley,  with  its  river  still  flowing  through  it,  the 
whole,  no  doubt,  much  modified  by  ice-action.  In  Surrey,  though 
there  was  no  glacier  so  far  as  we  know,  the  floods,  etc.,  of  the 
Ice  Age  have  almost  removed  the  old  surface,  leaving  only  the 
bottom  of  the  valley  where  it  was  protected  by  river  gravel. 

The  old  land  surface  of  Hardanger  stands  now  some  2,000  and 
more  feet  above  the  sea,  and  in  it  a  series  of  narrow  and  deep  valleys 
have  been  cut  out,  and  into  these  valleys  the  rivers  flow  to  the  fjoitl. 
Thus  the  Bjoreia,  after  flowing  in  the  broad  open  valley  of  the  old 
surface,  suddenly  falls  500  feet  into  the  head  of  one  of  these  deep 
valleys  (Maabodal),  the  fall  being  the  Yoringfoss.  To  the  north  the 
next  stream  of  any  size  falls  over  the  steep  side  of  the  Simodal  ^ 
the  Skykjedals  fall,  and  the  next  into  the  head  of  the  same  diile 
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as  the  Bembesdals  fall.  RetnmiDg  to  Surrey,  we  find  that  something 
also  occurred  there,  for  the  river  which  had  deposited  the  Chobhain 
Ridges  Gravel,  now  at  a  level  of  400  feet  above  the  sea,  appears  to 
have  deepened  its  valley  and  deposited  the  sheets  of  gravel  on  the 
side  of  the  Fox  Hills,  now  at  a  level  of  about  250  feet  Dr.  Reusoh 
suggests  that  the  result  in  Norway  was  produced  by  a  rise  of  the 
land,  and  I  have  made  a  similar  suggestion  with  regard  to  Surrey 
('*  Origin  of  the  Qravel-Flats  of  Surrey  and  Berkshire,"  Geol.  Mao., 
H.8.,  Nov.  1901,  Deo.  IV,  Vol.  VIII,  p.  610). 

I  will  leave  the  valleys,  however,  and  return  to  the  high  ground  of 
Hardaiiger.  To  obtain  a  general  idea  of  it  let  us  ascend  one  of 
the  mountains  on  the  north  of  the  Fjord,  say  one  of  those  above 
Norheimsund ;  then  looking  south  and  south-east  across  the  fjord 
we  see  the  long  flat  snowfield,  Folgefond,  stretching  above  all 
along  the  skyline.  To  the  left  the  top  is  a  little  lower  and  merely 
dotted  with  snow  patches,  one  prominent  summit,  Haarteigen, 
standing  above  the  general  level  to  about  the  height  of  the  snow- 
field.  A  little  to  the  north,  but  hidden  by  nearer  mountains,  is  the 
Hardanger  Jokl  snowfield,  also  rising  above  the  mountain-tops 
around  it  Now  what  are  we  to  say  about  this,  the  topmost  plain 
of  the  country  ?  Is  this  a  plain  of  marine  erosion,  or  have  we  in  it 
another  old  plain  of  subaerial  denudation,  or  peneplain  as  some 
authors  would  term  it  ?  Dr.  Reusch  decides  in  favour  of  the  latter 
explanation.  He  says  (p.  131).  '*  The  high  mountain  expanses  of 
Norway  are  most  likely,  as  a  rule,  peneplains — I  do  not  say 
a   peneplain,  for  probably  they  do   not  all   belong  to   t)ie   same 

geological  time One  district  where  this  can  be  exemplified 

is,  for  instance,  the  high  mountain  region  north  and  north-east  of 
the  Hardanger  Jokl.  Above  the  open  stretches,  where  the  saeters 
are,  there  rise  higher  plateau-shaped  mountains  the  suiface  of  which 
seems  as  though  it  were  the  remains  of  another  and  older  peneplain.*' 
Thus  we  have  Hall ingskarven,  1,951  metres;  Hardanger) 5klen,  with 
about  the  same  altitude ;  Bleien,  1,696  metres;  Blaaskavlen,  1,773 
metres,  eta  And  he  gives  (p.  134)  a  map  on  which  he  marks  these 
and  other  plateaux,  as  well  as  Haarteigen  and  the  Folgefond,  as 
remains  of  the  older  peneplain.  He  adds  that  the  level  of  the 
highest  plateau  seems  to  be  independent  of  the  geological  rock 
formation ;  thus  it  rises  above  the  line  where  we  have  a  tolerably 
horizontal  boundary  between  the  Grundfjeld  (mostly  gneiss)  and 
the  Cambro-Silurian  schists. 

I  refrain  from  going  further  into  the  question  now,  and  content 
myself  with  the  remark  that  I  think  Dr.  Reusch  has  clearly  shown 
that  an  alteration  in  the  level  of  the  sea  almost  of  necessity  causes 
changes  of  the  land  surface,  which  extend  far  inland,  and  the 
oommenoement  of  a  new  land  surface  at  a  new  level ;  and  if  this 
is  the  case  amongst  the  hard  rocks  of  Norway,  how  much  greott^r 
must  be  the  effect  of  a  change  of  sea-level  where  the  inland  rucks 
are  soft  as  in  the  south  of  England  I 
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VIIL — A  Oeolooist  op  thu  last  GEKnmT. 
Db.  Ferdinand  yon   Roemeb,   the  Father  of  the  Geoloot  op 

Texas  :  his  Life  and  Wobk.^ 

By  Frbdbhic  W.  Simonds,  Aufitiii,  Texas. 
(WITH  A  PORTRAIT,  PLATE  XIX.) 

FERDINAND  KOEMER,  who  has  jasUy  been  called  fhe  •'Ihttir 
of  the  Geology  of  Texas,"  was  bom  at  Hildeeheiin,  Haaom, 
on  January  5th,  1818.  His  early  eduoaiion  was  obtained  at  Ai 
Gymnasium  Andreanum  of  that  town,  where,  under  the  infloeMa 
of  his  teacher,  Dr.  Muhlert,  he  developed  a  great  foodnan  §u 
soience,  especially  in  the  line  of  natural  history.  Hia  love  of 
geology,  however,  was  strongly  developed  by  excaraiona  with  bh 
eldest  brother,  F.  A.  Koemer,  Frederic  Hoffmann,  and  F.  A.  Qaanatodi 
Notwithstanding  his  predilection  in  this  direction,  he  waa  indoaed 
by  his  brother,  probably  with  the  view  of  entering  a  well-eataUiahad 
profession,  to  undertake  the  study  of  law.  AcoordiDglyy  ftom  1886 
to  1839  he  was  engaged  in  attending  legal  instruction  at  GK>tting«n, 
with  the  exception  of  the  Summer  semester  of  1838,  which  wai 
spent  at  Heidelberg.  Still,  the  attraction  of  science  waa  well-nigfa 
irresistible.  With  the  keenest  pleasure  he  listened  to  HaaamanB 
on  geognosy,  and  when  at  Heidelberg  the  zoological  inatmotion  of 
Bronn  was  eagerly  sought.  His  future  calling  was,  howeTer,  to  bs 
decided  in  favour  of  his  natural  bent  As  he  was  about  to  preaent 
himself  for  examination  in  the  higher  legal  course,  for  politioal 
reasons  —  although  he  himself  was  an  innocent  party  —  certain 
difficulties  were  raised  and  he  withdrew.  Thus  science  gained 
a  brilliant  scholar  and  geology  a  zealous  investigator. 

Going  to  Berlin  (1840)  he  came  within  the  influence  of  anoh  men 
as  Weiss  in  mineralogy,  von  Deohen  in  geology,  especially  that  of 
Germany,  Gustav  Rose  in  geognosy  and  mineralogy,  Mitaoherlidi 
and  H.  Rose  in  chemistry,  von  Lich  ten  stein  in  zoology,  Johannes 
Miiller  in  anatomy  and  physiology.  Dove  in  physios,  and  Steflbni  in 
anthropology. 

On  May  10th,  1842,  he  received  the  degree  of  Doctor  of  Philo- 
sophy, having  presented  a  palaeontological  dissertation  entitled  **  De 
Astartarum  geuore  et  speciebus  quae  e  saxis  iuraasicia  et  crstMMis 
proveniunt." 

The  time  spent  at  Berlin  had  an  important  bearing  upon  hit 
future  in  still  another  direction.  It  was  here  that  an  intimate 
friendship  sprang  up  between  him  and  von  Dechen,  Bey  rich,  and 
Ewald,  and  his  intercourse  with  them  led,  on  his  part,  to  a  wider 
compreliension  of  geology  and  a  better  understanding  of  the  methodi 
to  be  pursued  in  research.  About  this  time  he  became  engaged  in 
a  series  of  investigations  in  the  Rhenish  mountains  which  covered 
t)ie  Summer  season  of  several  years.  The  results  of  this  work  were 
published  in  1844,  under  the  title  ''Das  rheinische  Ubergangif- 
gebirge.     Eine  pal  aeon  tologisch-geognostische  Darstellung."     Tlie 

*  Rpprintwl  by  kiiul  jxriiiission  of  the  Editor,  Dr.  X.  II.  Winchdl,  from  The 
Amn'ican  OtoiiHfiet,  vol.  xxix,  Mtircli,  ll>02. 


Cml.  Mag.  190a.  Dec  IV,  Vol.  IK,  PL  XIX. 


F.  W.  Simofub — Life  o/Dr,  lirdiuand  von  Roenier.      413 

next  year  (1845)  his  first  oontribation  to  the  Neuie$  Jahrhueh  fUr 
Mineralogie,  Oeoiogie,  und  Palaeontologie  appeared,  and  thereafter 
For  more  than  forty  years  his  name  was  familiar  to  the  readers  of 
that  journal. 

He  now  (1845)  entered  apon  that  part  of  his  career  which  is  of 
the  greatest  interest  to  Amerioans,  espeoially  Texans.  With  means 
provided  in  part  by  the  "  Berliner  Akademie  der  Wissensohaften," 
iod  with  the  warm  personal  endorsement  of  the  celebrated  traveller 
»nd  explorer,  Alexander  von  Humboldt,  he  undertook  a  journey  to 
Amerioa  for  the  purpose  of  studying  its  geology  and  palsBontology, 
in  the  course  of  which  he  spent  a  year  and  a  half  in  the  then  little 
known  state  of  Texas.  Here,  to  judge  from  the  results  of  his 
investigations,  his  activity  must  have  been  very  gpreat,  for,  in 
addition  to  contributions  furnished  to  the  American  Journal  of  Science 
Eind  Arts  in  1846  and  1849  (ser.  ii,  vols,  i  and  vi)  and  a  more 
popular  work  entitled  '*  Texas.  Mit  besonderer  Riicksicht  auf  deutsche 
Auswanderung  and  die  physischen  Yerhaltnisse  des  Landes/' 
pnblished  at  Bonn  in  1849,  he  gave  to  the  world  in  1852  **  Die 
Kreidebildungen  von  Texas  und  ihre  Einschliisse.  Mit  einem  die 
Beschreibung  von  Yersteinerungen  aus  palaozoischen  und  tertiaren 
Schichten  enthaltenden  Anhange  und  mit  ii  von  G.  Hohe  nach  der 
Natur  auf  Stein  gezeichneten  Tafeln,"  printed  also  at  Bonn,  by 
Adolph  Marcus.  It  was  this  work  that  won  for  him  the  title 
"  Father  of  the  Geology  of  Texas."  That  Roemer  should  have  been 
able  to  accomplish  so  much  during  his  brief  sojourn  in  the  state 
is  remarkable  considering  the  limited  means  of  transportation  and 
the  serious  danger  from  wandering  bands  of  Indians  when  con- 
ducting scientific  work  outside  of  the  immediate  vicinity  of  the 
settlements.  Under  such  circumstances,  that  his  results  should  have 
been  so  accurate  is  little  short  of  phenomenal. 

Before  proceeding  farther  it  may  be  well  to  direct  attention  to 
some  of  the  salient  points  brought  out  by  these  early  investigations. 
"  Die  Ereidebildungen  '*  is  not  entirely  devoted  to  the  Cretaceous 
or  Chalk  formation  of  Texas,  for,  in  addition  to  a  detailed  con- 
sideration of  that  formation  and  its  fossils,  the  introduction  treats 
of  such  topics  as  the  following  :  **  Geographic  Position  and  General 
Orographic  Character  of  Texas,"  in  which  the  greater  topographic 
features  of  the  state,  with  the  exception  of  the  western  mountains, 
are  clearly  described;  ''General  Geognostic  Constitution  of  the 
Land";  "Diluvial  and  Alluvial  Formation";  "Tertiary  Forma- 
tions " ;  "  Older  or  Palsdozoic  Strata "  ;  and  "  Plutonic  Rooks." 
The  Appendix,  moreover,  contains  descriptions  of  fossils  from  the 
Palaeozoic  strata  and  descriptions  of  fossil  woods  by  Professor  Unger. 
In  view  of  the  above  outline  it  scarcely  need  be  said  that  this  work 
has  been  a  fruitful  source  of  inspiration  to  all  who  have  made 
a  special  study  of  the  topographical  and  geological  features  of  this 
region.  That  it,  as  well  as  the  earlier  descriptive  volume,  should 
not  have  been  translated  into  English  long  ago,  is  somewhat  remark- 
able. Concerning  the  geological  map  in  the  earlier  volume,  based 
upon  Wilson's  geographical  map,  it  is  fair  to  say  that  tbA  ^^i^<^t^ 
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features  of  the  state  are  well  Bhown  and  with  an  nnezpeoted  degree 
of  aoouraoy. 

But  Boemer's  Amerioan  stadies  were  by  no  means  confined  to 
Texas.  In  1860  he  published  ''  Die  Silnrische  Fauna  des  Westliohen 
Tennessee ;  eine  Palaeontologische  Monographie/'  with  five  plates. 

In  June,  1848,  he  became  Privat  Docent  in  mineralogy  and 
paladontology  at  Bonn.  That  his  studies  in  Texas  were  still  upper- 
most  in  thought  is  apparent  from  the  title  of  his  probationuy 
disoourse,  "Eine  iihersichtliohe  Darstellung  der  Oeognostisohen 
Verhaltnisse  von  Texas."  His  natural  ^fts  as  a  teacher  rendered 
possible,  in  1855,  the  call  to  an  ordinary  professorship  in  the 
University  of  Breslau,  in  connection  with  which  he  became  Direotor 
of  the  mineralogical  cabinet  Here  he  found  a  few  minendi, 
scarcely  sufficient  to  meet  the  needs  of  instruction  in  a  realschde, 
stored  away  in  most  inaccessible  quarters.  At  once  he  determined 
to  undertake  the  laborious  task  of  making  a  great  collection.  How 
well  he  succeeded  is  shown  by  the  fact  that  he  left  to  his  snooessor 
one  of  the  richest  and  best  arranged  collections  of  minerals  and 
fossils  in  any  of  the  Prussian  universities. 

In  1861,  to  the  great  satisfaction  of  his  colleagues  and  friends,  he 
declined  a  flattering  call  to  Gottingen.  Five  years  later,  in  1866, 
his  fidelity  and  labour  were  rewarded  by  the  removal  of  liis 
collections  into  a  new  and  commodious  building,  erected  largely 
after  hiH  own  plans,  on  the  Oder,  between  Schuhbriicke  and  Univer- 
sitatsplatz.  In  arranging  the  collections  in  their  new  apartments 
Dr.  Koemer  was  ably  assisted  by  Oberbergrath  Martin  Webuky, 
who  under  his  influence  soon  resolved  to  devote  himself  entirely 
to  science,  becoming  first  extraordinary  professor  at  Breslan  and 
later  the  siiccesRor  of  Gustav  Rose  at  Berlin.  It  was  not  a  small 
matter  to  have  discovered  such  a  man.  But  his  influence  with  his 
students  was  also  great,  for  on  the  list  of  those  who,  under  the 
inspiration  of  his  teaching,  took  upon  themselves  science  as  a  life- 
work  we  find  such  names  as  H.  Credner,  W.  Damep,  K.  Hintze, 
01.  SchlUter.  Th.  Liebisch,  H.  Eok,  K.  von  Seebach,  T.  Tietze,  and 
others  who  have  gained  recognition  in  the  learned  world.  Indeed, 
no  better  evidence  of  his  unusual  power  as  a  teacher  is  needed. 
Says  one  of  his  students:  *^  His  love  of  teaching,  his  ready  utterance, 
his  kindly  care  for  his  pupils,  remained  unchanged  to  the  end. 
When  well  advanced  in  years  he  taught  with  the  same  zeal,  the 
same  vivacity,  and  the  same  clearness  that  characterized  his  work 
when  a  young  man."  * 

While  liis  activity  in  the  routine  duties  of  his  professorship  was 
very  great  it  was  not  less  in  the  direction  of  research  and  investiga- 
tion. In  the  Neuea  Jahrbuch  /.  Afin.  Geol.  und  Pal.  Dr.  Dames  ha^ 
listed  over  350  titles  of  publications  in  the  interval  between  his 
graduation,  in  1842,  and  his  death  in  1891,  many  of  which  represent 
long  and  patient  investigations.  While  it  would  not  be  possible 
within  the  limits  of  this  sketch  even  to  mention  all  the  subjects 
covered,   for  they  are  of  wide  range,   attention  may   be  called  to 

*  Damcfl. 


JR  W.  Simorub — Life  of  Dr.  Ferdinand  von  Eoemer.      415 

a  few  other  than  those  already  alladed  to  in  the  preceding  pages. 
Daring  the  years  1852-1854:  be  pablished  in  oonneotion  with  its 
author  a  revision  of  H.  G.  Bronn's  ''Lethaea  geognostica  oder 
Abhildung  und  Besohreibung  der  fiir  die  Gebirgs-Formationen 
hezeichnendsten  Yersteinerungen.  Bd.  i,  2  :  Palaeo  -  Letbaea  ; 
Kohlen-Periode  (Silar,  Devon,  Eohlen-  and  Zechstein-Formation)." 
More  than  twenty  years  later  we  find  him  again  engaged  upon  an 
enlarged  and  revised  edition  of  this  work.  The  atlas,  with  65  plates, 
appeared  in  1876 ;  in  1880  the  first  part  of  the  text,  and  in  1888 
the  second  part  It  is  a  matter  of  regret  that  he  did  not  live  to 
complete  this  undertaking.     In   1861  he  published  ''  Die  Fossile 

Fauna  der  Silurischen  Diluvial-Geschiebe  von  Sadewitz  bei  01s  in 
Niederschlesien."  This  was  in  the  form  of  a  "  Gratulationsschrift " 
of  the  Silesian  Society  to  the  Breslau  University  at  its  jubilee  held 
that  year. 

In  July,  1862,  the  preparation  of  a  geognostio  map  of  Upper 
Silesia  on  the  scale  of  1  :  100,000  was  authorized  by  the  Prussian 
Ministers  of  Commerce,  Trade,  and  Public  Works,  and  Koemer 
was  selected  to  direct  its  construction.  For  eight  years,  assisted 
by  O.  Degenhard,  H.  Eck,  and  A.  Halfar,  he  devoted  himself  to  this 
work,  and  at  the  same  lime  made  numerous  short  contributions 
announcing  new  discoveries  in  the  geology  and  palasontology  of  that 
region.  These  served  as  forerunners  of  the  '*  Geologic  von  Ober- 
schlesien,"  a  work  in  three  volumes,  published  in  1870,  which 
contained  the  complete  results  of  the  investigations  of  himself  and 
his  assistants.  The  great  value  of  this  publication  is  evident  when 
we  take  into  consideration  that  up  to  this  time  little  was  known  of 
the  geology  of  the  province,  which  had  long  been  famous  for  the 
value  of  its  mineral  deposits. 

After  the  publication  of  this  work  he  found  time  not  only  to 
rewrite  portions  of  "  Lethaea  Palaeozoioa,"  to  which  reference  has 
already  been  made,  but  to  prepare  numerous  smaller  contributions 
treating  of  his  investigations  and  studies,  among  which  may  be  found 
the  first  observations  upon  the  discovery  of  diluvial  mammals  in  the 
low  plain  of  Northern  Germany,  especially  in  Silesia  and  Poland. 
So  great  was  his  interest  in  this  direction  that  later  he  undertook  an 
investigation  of  the  Polish  bone  caves,  concerning  which  he  published 
in  1883  a  large  work  bearing  the  title  "  Die  Enochenholen  von 
Ojcow  in  Poland'*  (Pal aeon tographica,  xxix).  This  was  translated 
into  English  by  John  Edward  Lee,  under  the  title  "  The  Bone  Caves 
of  Ojcow  in  Poland,"  and  published  the  following  year  in  London. 

As  further  evidence  of  Koemer's  great  activity,  it  may  be  remarked 
that  he  had  already  prepared  and  published  (1880)  a  description  of 
the  Carboniferous  Limestone  fauna  of  the  west  coast  of  Sumatra — 
"Uber  eine  Kohlenkalk  Fauna  der  Westkiiste  von  Sumatra" 
(PalsBontographica,  xxvii) — based  upon  a  fine  collection  sent  him 
in  1876  by  Verbeek. 

In  1885  appeared  "Lethaea  erratica"  (Palaeont.  Abhand.  von 
Dames  u.  Eayser,  Bd.  ii,  5,  Berlin),  embracing  an  enumeration  and 
description  of  the  boulders  occurring  in  the  North  Qermaxi  ^Wcew. 
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Among  his  papers  published  in  1887  is  the  desoription  of  «  foMil 
Orustaoean  from  the  Shoal  Creek  region  near  Aastin,  entitled 
"  Oraptoearcinus  Texanus,  eine  Braoliyare  aus  der  oberen  KreideToa 
Texas/'  with  an  illustration  (N.  Jahrb.  f.  Min.,  etc.,  1887,  Bd.  i,  173). 
The  next  year  he  published  the  description  of  '*  Jfacratler,  eine  nsoe 
Spatang^oiden-Gattung  aus  der  Kreide  von  Texas  "  (N.  Jahrb.  f.  Mid., 
eto.,  1888,  Bd.  i,  191),  represented  by  M,  Texanu$  from  Qeorgetown. 
The  same  year  he  also  published  '*  Uber  eine  duroh  die  Haufigkmt 
Hippuriten-artiger  Ghamiden  ansgezeichnete  Fauna  der  obertoroiMQ 
Kreide  von  Texas"  (Paleont.  Abhand.,  Bd.  iv,  3  plates).  The  faant 
here  considered  is  from  Barton's  Greek,  a  well-known  locality  a  short 
distance  south-west  of  Austin.  Of  the  twenty-one  species  described 
he  regarded  eighteen  as  new.  Objection  has  been  justly  taken  by 
the  students  of  Texan  geology  to  the  assignment  of  this  fauna  to 
the  Upper  Turonian,  for,  as  a  matter  of  fact,  the  strata  are  Lower 
Cretaceous,  and  cannot  be  correlated  with  that  formation. 

But  Roemer  was  a  mineralogist  as  well  as  a  geologist  and 
palaeontologist  In  a  practical  way  this  was  shown  in  his  great 
work  at  the  Breslau  Museum.  His  love  for  minerals  was  strong, 
and  his  knowledge  such  that  he  was  envied  by  the  younger  men 
who  specialized  in  that  line.  It  has,  however,  been  said  that  bis 
greatest  service  to  mineralogy  was  that  he  "saved"  to  that  acienoe 
the  incomparable  Websky. 

Again,  Koemer  was  a  man  of  wide  experience  in  travel.  Not 
only  did  he  visit  North  America,  but  in  Europe  every  country  and 
Home  countries  several  times ;  England  in  1851,  1866,  1871,  1876, 
and  1880;  Ireland  in  1883;  Holland  and  Belgium  in  1854;  Sweden 
in  1856  and  1878 ;  ^  Austria  and  Upper  Italy  in  1857 ;  Piedmont  and 
Bohemia  in  1858;  Norway  in  1859  ;  France  in  1860;  Russia  in  1861; 
Turkey  in  1863 ;  Spain  in  1864  and  1872 ;  Switzerland  in  1869. 
These  journeys,  his  numerous  publications,  and  an  unusual  aptitude 
in  acquiring  foreign  languages,  made  him  probably  the  best  known 
German  geologist  of  his  time. 

As  would  naturally  be  expected,  his  long  and  active  career  brought 
him  many  honours,  both  at  home  and  abroad.  In  recognition  of  hie 
great  service  to  science  he  was  invested  with  a  title  by  the  State, 
and  elected  to  membership  in  many  of  the  learned  societies,  among 
which  may  be  mentioned  the  Geological  Society  of  London,  1859 ; 
the  Royal  Academy  of  Science,  Berlin,  1869  ;  the  Imperial  Academy 
of  Science,  St.  Petersburg,  1874;  the  Royal  Bavarian  Academy  of 
Science,  Munich,  1885.  In  the  year  last  mentioned  he  was  also  the 
recipient  of  the  Murchison  MedaJ  of  the  Geological  Society. 

*  It  was  Dr.  Woodward's  good  fortune  to  know  Dr.  Ferdinand  Roemer  for  many 
years  (from  1858  to  nearly  the  end  of  his  life).  Travelling  on  a  geological  exciirdoD 
in  the  Eifel  with  Mr.  John  Edward  Lee,  F.G.S.,  in  the  Autumn  of  1878,  thermet. 
quite  accidentally,  Dr.  Ferdinand  Koemer  near  Gerolstein,  and  with  him  as  geoloeical 
guide  and  most  genial  of  companions,  they  spent  a  never-to-be-forgotten  fortiugfat« 
vLsiting  with  their  historian  all  the  most  interesting  Devonian  fossil  localities,  ami 
examining  the  extinct  craters  (now  crater-lakes)  in  that  delightful  country.  In  the 
following  year  Mr.  Lee  and  Dr.  Roemer  made  an  expedition  to  Faxe  in  Denmark  to 
atudy  this  very  interesting  uppermost  Cretaceous  deposit. — Edit.  Gbol.  Mao. 
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Roemer's  knowledge  was  not,  however,  entirely  confined  to 
aeienoBy  though  its  range  here  was  surprisingly  great ;  he  was  also 
well  informed  in  the  olassios  and  belles  lettres.  His  nature  was 
winning,  his  manner  attraotive,  and  his  influence  with  the  young 
great  It  scarcely  need  be  said  that  he  had  many  friends  and 
admirers.  Although  happily  married  for  twenty-three  years  he 
was  childless,  yet  his  love  of  children  was  shown  in  the  rearing  of 
his  wife's  nieces  as  his  daughters. 

It  was  his  great  good  fortune  to  be  able  to  look  back  upon  a  life 
rich  in  opportunities  and  fruitful  in  results.  He  had  expressed  the 
hope  that  the  end  might  find  him  in  the  full  possession  of  his  powers 
rather  than  burdened  with  the  infirmities  of  old  age,  and  his  wish 
was  granted.  He  died  at  Breslau  on  December  14th,  1891,  in  his 
74th  year. 

ifroa?iOE3S  OIF  i^EisdioiKS,  marc. 

1.  Canada  (?). — "  A  Summary  Report  of  the  Geological  Survey 
Department  for  the  Calendar  Tear  1901,  printed  by  order  of  Parlia- 
ment, Ottawa,  1902,"  has  reached  us ;  but  nowhere  in  the  title 
do  we  discover  its  country  of  origin.  From  internal  evidence, 
however,  we  gather  it  comes  from  Canada.  The  report  is  full  of 
interesting  matter,  contains  two  new  Trionyz,  illustrated,  from  the 
Oretaceous  of  Alberta,  but  suffers  from  the  want  of  an  index,  or  at 
leant  chapter  headings.  In  these  busy  days  269  pages  of  Report  are 
Apt  to  be  considered  as  mere  Report  unless  the  reader  is  furnished 
with  a  clue  to  the  contents. 

2.  Ptkbnban  Voloanobs. — Patrick  W.  Stuart- Menteath  describes 
the  volcanic  phenomena  of  the  Pyrenees  in  a  series  of  papers 
published  in  the  Boletin  de  la  Sociedad  Aragonesa  de  Ciencias 
Naturales  (Zaragoza),  a  new  serial  of  which  we  have  seen  No.  5 
3f  vol.  i  (May,  1902). 

3.  The  Obbhan  Oeolooioal  Society. — Dr.  E.  Eoken  has  pub- 
lished (Berlin,  1901)  '*Die  Deutsche  geologisohe  Gesellschaft  in  den 
Jahren  1848-1898,  mit  einem  Lebenabriss  von  Ernst  Bey  rich,"  with 
i  portrait  of  Beyrich.  It  is  interesting  to  recall  the  names  of  the 
founders  of  the  German  Society — von  Beust,  Beyrich,  von  Buch, 
ron  Carnall,  Ehrenberg,  Ewald,  Girard,  von  Humboldt,  Karsten, 
Vlitscherlich,  J.  Miiller,  Rose,  Weiss. 

4.  Maryland.  — The  fourth  volume  of  the  Maryland  Geological 
Survey  (Baltimore,  1902)  deals  with  "  Palseozoio  Appalachia,  or  the 
history  of  Maryland  during  Palasozoic  time/*  by  Bailey  Willis. 
Phis  is  a  highly  interesting  physical  and  dynamical  paper,  and  is 
veil  illustrated.  A  second  report  on  Highways  by  Messrs.  Reid  db 
lohnson  contains  results  of  tests  of  road  materials  and  technical 
lotes  on  road  construction.  Heinrich  Ries  contributes  a  long  report 
)n  the  Clays  of  Maryland,  both  from  a  geological  and  economic 
)oint  of  view.  We  again  recommend  the  get-up  of  this  publication 
o  the  notice  of  the  Geological  Survey  of  the  United  Kingdom. 
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5.  Thb  Confltot  of  Truth. — This  is  a  book  by  Mr.  F.  Hug^i 
Capron,  apparently  written  to  reconcile  Religion  and  Soienoe.  To 
those  who  are  interested  in  this  matter  these  509  pages  of  argument 
may  prove  more  absorbing  at  this  time  of  year  than  throwing 
pebbles  into  the  sea.  There  are  chapters  on  ''  the  six  days  of  tlie 
formation,"  ''the  antiquity  of  man,"  and  divers  other  matten. 
Publishers,  Hodder  <fe  Stoughton,  1902 ;  price  10«.  6d. 

6.  A  Nrw  Meteorite. — Mr.  Geo.  P.  Merrill  desoribes  some 
20,000  grams  of  meteorite  which  fell  at  Admire,  Lyon  Coonty, 
Kansas,  probably  30  years  ago.  It  is  a  pallasite  and  belongs  to 
Brezina*s  Rokioky  Group,  consisting  of  metallic  iron  and  olivine. 

7.  Tarooola. — The  Record  of  the  Mines  of  South  Australia, 
issued  by  H.  Y.  L.  Brown  in  1902,  deals  with  "Tarooola  and  the 
North- Western  District."  The  report  is  concerned  mainly  with  the 
gold  fields.  The  mass  of  the  country  consists  of  Cambrian  (?)  and 
nietamorphic  rocks,  with  Tertiary  conglomerates  and  gravels,  but 
there  are  gypseous  clays  at  Lake  Cad  Ibarra  wirractinna.  A  geo- 
logical sketch-map  is  appended. 

8.  FoRAMiNiFBRA. — Among  the  recent  publications  on  this  group 
may  be  mentioned  Rhumbler*s  important  paper  on  the  double  shelU 
of  Orbitolites  and  other  foraminiCera,  with  excellent  illuatrations, 
published  in  the  Archiv  fiir  Protistenkunde,  1902.  The  author 
deuls  with  and  endeavours  to  explain  the  curious  'twinning'  to 
common  in  Orbitolites.  Messrs.  R.  B.  Newton  and  R.  Holland 
describe  in  the  Journ.  Coll.  Soi.  Tokyo,  1902,  Bryozoa  and  Fora- 
niiiiifera  from  the  Formosa  and  Riu-Eiu  Islands ;  there  are  four 
plates,  chiefly  rock-sections  showing  organisms,  and  a  figure  of 
an  Operctdina  which  appears  to  have  been  an  inch  in  diameter. 
Schhimberger  (Bull.  Soc.  geol.  France,  1901)  figures  Orbiioides 
medidf  d'Arch.,  and  other  forms  of  the  genus,  and  discusses  the 
gonus  in  general ;  in  another  note  (Samml.  Geol.  Reichs-Mus. 
Leiden,  1902)  he  describes  a  remarkable  quadristellate  Lepidocylina 
from  Borneo.  Barrois  records  the  genera  Endothyra^  Teuiularia, 
Lngena  ?  and  Yalvulina  ?  from  the  Carboniferous  phtanites  of  the 
Boulonnais  (Ann.  Soc.  geol.  Nord,  1902)  ;  and  Lomnicki  mentions 
tlie  occurrence  of  Olobigerina  and  Spharoidina  in  the  Miocene  sands 
of  Leopol  (Kosmos,  Leniberg,  1902).  Fornasini,  ever  busy  in  this 
group  of  animals,  has  papers  on  three  species  of  Textularia  and 
a  Pohjmorphina  founded  by  d'Orbigny  in  1826,  a  continuation  of 
his  valuable  notes  on  forms  described  but  not  figured  hitherto; 
on  O.  G.  Costa's  Faujasina ;  on  the  date  of  publication  of  Costa's 
"  Foraniiniferi  di  Messina";  and  on  the  nomenclature  of"  Nautilm 
(Orthoceras)  pennatula"  of  Batsch  :  all  tliese  papers  appear  in  the 
liivista  Italiana  di  Pnleontologia  for  1902.  Soliubert  discusses 
l)efrance*8  genus  Textularia,  and  with  Liebus  records  foraminifera 
from  the  Devonian  (Etage  G-g,,  Barr.)  of  Bohemia  (Verb.  k.k.  geoL 
Keichs.,  1902). 

9.    OSTRACODA  OF  THE  BaSAL  CaMBRIAN  RoCKB  OF  CaPB  BrBTOH.^  — 

Dr.  G.  F.  Matthew  has  described  a  considerable  number  of  species 
^  Canadiaii  B.ecoiv\.  ol  ^\%\tfi^,  \^Vl,  ^q\»  "'dii,  Xo.  7. 
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of  Ostraooda,  and  three  new  genera  from  the  rocks  older  than  the 
Paradoxidea  Beds  but  included  in  the  Cambrian  system.  The  author 
chiims  that  these  forms  differ  in  many  respects  from  the  species 
of  the  Ordovician  system,  and  have  a  unity  of  structure  sufficient 
to  place  them  in  a  new  family  distinct  from  Leperditiid»,  etc. 
Uany  of  the  species  have  wide  valves,  more  or  less  pointed  on  the 
ventral  margin ;  most  have  long  hinge-lines  and  an  ocular  tubercle. 
The  scar  of  the  adductor  muscle,  in  place  of  being  near  the  middle 
of  the  valve  as  in  many  Ordovician  species,  is  close  to  the  anterior 
end  of  the  cardinal  line.  Twenty-seven  forms  are  described, 
arranged  as  follows  :  —  Leperditia  (?),  1  species  ;  Bradorona 
(subgen.),  3  species,  8  mutations,  and  1  variety  ;  Bradoria,  3  species 
and  1  doubtful,  1  mutation ;  E$easona,  1  species  and  2  doubtful ; 
Indiana,  2  species  and  1  mutation ;  Schmidtella  (?),  2  species  and 
1  mntation.  Two  of  these  forms  are  found  in  the  basal  volcanic 
terrane  of  Coldbrook ;  the  rest  are  distributed  through  500  feet  of 
the  Etcheminian  terrane,  occurring  in  twelve  assises  of  that  group 
in  company  with  various  Brachiopods.  Two  plates  accompany  this 
article  in  which  are  figured  the  various  species  and  mutations 
described.  Outline  figures  are  also  given  to  show  the  more  obvious 
characters  of  the  new  genera. 


I^  E  V  I  E3  -VT"  S. 


I.  Etude  GioLOOiQUB  sub  l'Isthmb  de  Panama  ;  par  MM.  Marobl 
Bertrand     et    Philippe    Zuroher.      11.    Lks    phrnom£nks 

YOLOANIQUES  ET  LES  TrBHBLKMRNTS  DE  TeRRK   DE    l'Am£:RIQUE 

central;  par  M.  Marobl  Bertrand.     Quarto;  pp.  38  in  all, 
with  plans  and  sections ;  published  1899. 

I. 

rpHE  long-standing  controversy  between  the  advocates  of  the 
J_  Panama  route  and  those  of  the  Nicaragua  route  for  the  great 
American  interoceanic  canal  has  apparently  at  the  last  moment 
been  decided  in  favour  of  the  former.  Apart  from  the  struggles 
of  politicians  this  decision  seems  to  be  by  far  the  most  sensible, 
since  property  which  even  in  its  present  state  is  worth  something 
like  £8,000)000  sterling  must  of  necessity  represent  an  asset  of 
considerable  value.  It  would  seem  not  altogether  improbable  that 
the  recent  catastrophe  in  the  Windward  Islands  has  bad  its  due 
effect  in  impressing  upon  the  politicians  at  Washington  the  possible 
dangers  of  the  Nicaragua  route,  which  were  so  forcibly  pointed  out 
by  Professor  Bertrand  in  these  memoirs  more  than  three  years  ago, 
dangers  foreseen  by  nearly  all  scientific  men,  and  whose  lessons  just 
at  present  are  well  burnt  into  the  mind  of  the  Transatlantic  public. 

Since  the  time  when  the  second  great  work  of  Moos,  de  Lesseps 
was  commenced  a  new  generation  has  appeared  upon  the  scene,  but 
it  may  not  be  without  interest  on  the  present  occasion  to  quote 
a  portion  of  an  article  which  appeared  in  Nninre,  August,   1885^ 


420  jRevieus — MM.  Bertrand  ^  Zurcher — 

entitled  ''Piercing  the  Isthmus  of  Panama,"  an  article  evidentlj 
written  in  an  optimistic  spirit  which  is  rather  amusing  in  the  ligbt 
of  subsequent  events.     It  commences  as  follows  : — 

"Three  years  ago  the  work  of  cutting  through  the  Panama 
Isthmus  had  barely  commenced.  The  equatorial  forests  on  the 
neck  of  land,  73  kilometers  long,  which  marked  the  axis  of  tb« 
future  interoceanic  canal,  had  hardly  been  laid  bare.  The  traveller 
who  followed  the  primitive  road  met  here  and  there  some  groope 
of  cabins  with  roofs  of  branches  on  poles,  marking  the  site  of 
a  sounding  or  the  improvised  dwellings  of  a  portion  of  the  operators. 
Oulebra,  Emperador,  Corosita,  and  Gamboa,  which  are  now  full  of 
activity,  were  then  almost  desert,  and  on  the  ooast  of  Colon  alone 
the  excavator  traced  in  the  marshy  plains  of  Gatun  his  great  track. 
The  contrast  to-day  is  great :  a  long  file  of  workshops  oovers  the 
space  between  the  Atlantic  and  the  Pacific.  Twenty  thousand 
workmen  toil  on  the  Cordillera,  making  the  deep  cutting  for  the 
canal.  Side  by  side  with  this  army,  another  more  powerful  army 
of  colossal  machines,  excavators,  dredges,  locomotives,  waggons, 
all  the  materials  for  transport,  thousands  of  pairs  of  wheels,  hundreds 
of  kilometres  of  sails,  mountains  of  coal,  and  shiploads  of  dynamite. 
Among  the  twenty- five  workshops  of  the  peninsula  the  attention  is 
chiefly  attracted  to  two  points :  the  great  rooky  cutting  at  Culebra, 
which  is  to  penetrate  to  a  depth  of  120  metres  into  the  Cordillera, 
and  the  dam  of  the  Chagres  at  Gamboa.  At  Culebra  the  previsions 
of  M.  de  Lesseps  have  been  realised :  the  mountainous  mass  which 
the  canal  will  traverse  is,  for  the  most  part,  composed  of  rocks 
which  are  not  very  hard  ;  repeated  soundings  by  means  of  diamond 
perforators  have  shown  that  down  to  a  considerable  depth  the  rock 
takes  the  form  of  schists  [«tr]  in  horizontal  strata.  There  is  no 
doubt  that  it  can  be  cut  through  with  rapidity ;  it  is  a  matter  of 
perforation,  either  by  mining  and  ordinary  explosives,  or  by  shafts 
with  larger  quantities  of  some  explosive  to  displace  great  masses. 
Here  30,000  cubic  metres  of  rock  have  been  displaced  by  an 
explosion  of  dynamite ;  and  unquestionably  this  colossal  channel 
connecting  two  seas  may  be  executed  by  simple  methods  and  with 
economy.** 

The  article  from  which  the  above  extract  is  taken  was  probably 
written  by  an  engineer  rather  than  by  a  geologist,  but  the  writer 
gives  us  an  interesting  picture  of  work  then  going  on,  and  we  may 
shortly  expect  to  see  such  work  renewed  to  the  finish. 

Meanwhile,  it  will  be  convenient  to  consider  the  geological  aspects 
of  the  question  as  set  forth  in  the  two  short  though  important 
memoirs  to  which  Professor  Bertrand  has  mainly  contributed. 

In  dealing  with  the  subject  of  previous  publications  the  authors 
state  that  the  actual  base  of  our  knowledge  of  the  age  of  the  beds 
of  Panama  is  to  be  found  in  two  notes  published  by  M.  Douvillc 
in  1891  and  1898.  The  first  of  these  notes  was  founded  on  the 
examination  of  a  series  of  fossil  specimens  collected  by  M.  Canelle, 
a  former  engineer  of  the  Canal  Company.  The  second,  of  which 
a  resumS  only  has  already  appeared  (December,  1898),  has  had  for 
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Its  starting-point  the  study  of  the  fossils  brought  by  M.  Zuroher. 
The  authors  also  refer  to  the  works  of  Messrs.  Hill,  Dall,  Wagner, 
and  Boutan  in  this  connection. 

The  Panama  memoir  is  illustrated  by  two  coloured  sections — one 
a  general  section  of  the  whole  74  kilometres  of  the  canal;  the 
other,  on  a  larger  scale,  of  the  great  cutting  (Emperador  and 
Culebra)  between  the  48th  and  56th  kilometres.  The  range  in 
time  covered  by  these  sections  extends  from  the  Tongrian  with 
Nummulites  to  the  Quaternary,  the  Aqnitanian  and  Miocene  being 
represented,  but  the  Pliocene  being  absent 

General  Structure  of  the  hthmus :  Bock  of  Oamhoa. — The  oldest 
formations  occur  in  the  centre  of  the  Isthmus,  where  their  outcrop 
forms  a  large  undulating  plateau;  these  pass  under  more  recent 
be<l8  on  both  sides,  the  general  arrangement  being  a  very  flattened 
anticline.  The  central  part  is  formed  by  a  volcanic  rook — the  rock 
of  Qamboa,  which  is  described  as  consisting  of  breccias  and  lava- 
flows,  with  which  at  the  northern  end  is  associated  a  bank  of 
Nummulites.  Whether  we  regard  the  rock  of  Gamboa  as  of 
*  Tongrian^  or  'Aquitanian'  age  (i.e.  Oligocene),  it  represents  tho 
most  ancient  formation  of  the  Isthmus.  Wagner  has  spoken  of 
Permian  grits  on  the  Pacific  coast,  but  these  are  merely  traohytio  tuffs 
and  breccias  reddened  by  decomposition.  Mr.  Hill  hsis  endeavoured 
to  assign  to  these  same  tuffs  a  Cretaceous  age  ;  we  shall  see,  however, 
that  they  are  clearly  superposed  on  the  rock  oi  Gamboa,  and  even  on 
Miocene  fossiliferous  limestones. 

The  Atlantic  Slope.^Taking  the  breccia  and  the  associated  beds 
with  Nummulites  as  a  datum-line,  we  find  in  the  direction  of  Colon 
a  series  of  marine  beds  more  and  more  recent  as  we  approach  the 
coast.  This  series,  which  is  perfectly  continuous,  contains  the  dobria 
of  older  eruptive  rocks,  but  without  any  lava-flows,  and  extends  in 
time  from  the  '  Aquitanian '  to  the  Lower  Miocene.  Mr.  Dall  had 
previously  determined  the  fossils  of  some  of  these  beds  as  Eocene 
(Claiborne),  but  their  superposition  to  beds  with  OrhitOidsB  is  certain. 
The  calcoirc  d  OrbitHides  itself,  associated  with  the  sandstones  and 
clays  of  Vamos,  are  regarded  as  Aquitanien  mar  in.  The  highest  beds 
on  this  side,  excluding  the  Qtiatornary,  are  the  argilea  de  Hindi  of 
Lower  Miocene  age.  The  fauna,  which  is  very  rich  and  well 
preserved,  represents  that  of  the  Miocene  of  the  Antilles. 

South'  West  Slope  :  Cutting  of  Culebra. — Passing  to  the  other  side 
of  the  central  anticline,  we  find  a  series  of  beds  almost  symmetrical 
with  the  preceding,  but  which  differ  in  containing  brackish  inter- 
calations with  vegetable  matter  and  abundance  of  eruptive  rocks. 
In  the  coloured  section  these  are  generalized  under  the  heading 
"Tufs  et  gres  de  la  Culebra  (Aquitanien  schisteux  et  lignitif^re)." 

The  whole  of  this  *  Aqnitanian  *  series  is  pierced  by  the  *  andesites 
de  la  Culebra '  of  Upper  Miocene  age,  and  the  peaks  of  the  Cerro 
Culebra  are  composed  of  these  same  andesites.  Above  this  very 
extensive  and  varied  series  of  beds  of  *  Aquitanian '  (i.e.  Upper 
Oligocene)  age,  there  come  the  equivalents  of  the  Lower  Miocene 
of  the  Atlantic  side,  reinforced  by  beds  of  trachytic  U\ff«« 
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Pacific  Slope. — Beyond  the  great  oatting  the  lignite  system  ftfls 
below  8ea-lev6l,  but  the  limestone  with  Peeten  BuhpUuronedn 
represents  the  same  fossiliferous  horizon  as  on  the  Atlantic  tide. 
The  traohytic  tuflfs  of  the  Pacific  side  are  more  recent  than  this, 
i.e.  than  the  base  of  the  Lower  Miocene,  an  opinion,  as  we  have 
already  seen,  opposed  to  the  views  of  Hill.  In  speculating  as  to  tbe 
formation  of  the  Isthmus  generally,  the  authors  eapeoiallj  dwell  on 
the  slight  consideration  which  should  be  attached  to  the  difference 
between  the  marine  deposits  on  the  Atlantic  side  and  the  braokisb- 
water  deposits  with  lignite,  leaves,  etc.,  on  the  other.  This  they 
think  tends  to  minimize  the  importance  of  the  bombemeni  isiuoe  the 
Oligooene  epoch. 

Latest  Eruptions :  Dividing  Bidge. — With  the  formations  noticed 
above  the  sedimentary  series  of  the  Isthmus  terminates,  bat  the 
eruptions  have  continued  since  the  deposition  of  the  Lower  Miocene: 
these  last  eruptions  in  the  neighbourhood  of  the  canal  oonstitate  the 
summits  of  the  actual  crest.  We  have  already  seen  that  they  are 
described  as  andesites.  It  is  only  possible,  say  the  authors,  to  fix 
a  lower  limit  to  the  age  of  these  rocks ;  they  traverse  in  dykes  the 
Lower  Miocene,  to  which  their  flows  are  superposed.  **  Bat  what 
one  can  say  is  that  they  have  no  connection  with  the  recent  volcanic 
series  known  in  Costa  Rica,  Nicaragua,  and  Guatemala,  a  series  of 
which  the  actual  volcanoes  are  only  the  enfeebled  prolongation.  All 
observers,  and  especially  Mr.  Hill,  are  very  explicit  on  this  point. 
Now  the  earthquakes  of  the  region  are  directly  connected  with 
volcanic  eruptions ;  it  is  then  an  essential  point  to  know  that  volcanic 
activity  has  long  since  been  extinct  in  the  region  of  Panama." 

This  account  should  not  terminate  without  an  allusion  to  the  argiles 
rouges  superjicielles,  which  are  the  result  of  the  disintegration  of  all 
the  above-mentioned  formations,  both  igneous  and  sedimentary,  under 
atmospheric  agencies  well  known  in  the  tropics.  This  material  ocoars 
on  the  surface  and  covers  the  several  formations  unconformably.  It 
functions  apparently  as  a  kind  of  drift  and  is  very  apt  to  slide,  to 
the  great  detriment  of  the  canal  cuttings.  A  description  of  the 
Quaternary  beds  and  alluvium  follows.  From  the  circumstance  that 
no  Pliocene  beds  are  found  on  the  Atlantic  coast  the  authors  infer 
that  the  sea  was  more  distant  at  that  period  than  at  present.  An 
elaborate  microscopic  description  of  the  rocks  concludes  this  memoir. 

IL 

Mens.  Bertrand  alone  is  responsible  for  the  second  memoir,  which 
is  illustrated  by  a  map  of  the  volcanoes  of  Central  America  after 
Mons.  Sapper  (Zeitschr.  deutsoh.  Oesellschaft,  1897),  and  also  by 
another  map,  sliowing  the  lines  of  folding  and  the  lines  of  volcanoes 
in  Central  America.  In  describing  the  four  great  volcanic  ranges, 
viz.,  those  of  Guatemala,  San  Salvador,  Nicaragua,  and  Costa  Rics, 
the  autlior  observes  that  these  are  arranged  in  echelon,  and  he  is 
careful  to  indicate  that  the  points  of  fracture  of  each  of  the  volcanic 
series  correspond  to  the  lines  of  exceptional  mobility  which  are 
marked  by  the  existence  of  a  lake  or  equivalent  depression.    The 
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lake  of  Nicaragua  is  one  of  these,  and  he  observes  that  if  volcanic 
activity  has  opened  oat  the  way  for  the  piercing  of  the  canal  saoh 
an  agent  must  be  regarded  as  a  formidable  auxiliary.  He  goes 
on  to  describe  in  considerable  detail  the  function  of  these  fractures, 
which  are  transverse  to  the  general  alignment  of  the  several  volcanic 
mnges,  and  insists  upon  it  that  the  four  fractures  of  the  first  class, 
viz.  those  which  effect  the  dislocation  of  each  of  the  four  volcanic 
ranges,  mark  the  sites  of  the  greatest  instability. 

The  author  has  no  doubt  as  to  the  correctness  of  the  above 
generalization,  but  there  are  further  conclusions  of  considerable 
intereet,  though  not  so  absolutely  certain.  The  volcanic  activity 
of  this  region  appears  to  be  undergoing  a  change  of  position,  and 
this  too  in  a  definite  direction.  He  quotes  Suess  in  support  of  this 
view,  who  considered  that  this  shifting  of  position  is  always  taking 
place  in  the  direction  of  the  Pacific.  After  going  into  the  history 
of  eruptions  and  earthquakes,  he  concludes  that  in  the  course  of  a  few 
centuries  since  the  Spanish  conquest  "  the  preponderance  has  passed 
from  Guatemala  to  San  Salvador  ;  and,  as  to  Nicaragua,  the  difference 
with  the  aforementioned  states  is  growing  less.  If  we  add  that 
in  Mexico  volcanic  activity  has  immensely  diminished  since  the 
Quaternary  period,  that  in  the  preceding  periods  it  attained  its 
maximum  much  further  north,  along  tlie  coasts  of  the  United  States 
of  America,  we  cannot  fail  to  be  most  strongly  struck  by  the 
significance  of  the  preceding  enumerations."  If  we  proceed  to 
apply  this  principle  of  shifting  to  the  great  transverse  faults, 
which  break  the  continuity  of  the  volcanic  chains,  we  perceive 
the  same  movement  en  Schelon  from  north-west  to  south-east.  *'  The 
transverse  fracture  of  Guatemala  has  but  one  active  volcano  in  its 
neighbourhood,  viz.  Fuego :  it  is  a  seismic  line  of  diminishing 
intensity;  its  lake  has  scarcely  a  volcanic  appearance;  it  is  a  fire- 
place on  the  road  to  extinction.  Fonseoa,  with  its  girdle  of  active 
volcanoes,  has  had  its  great  catastrophe  in  1835  :  whether  or  no  that 
is  likely  to  be  the  last,  it  is  a  fire-place  in  full  activity.  The  lake 
of  Nicaragua  is  also  an  active  fire-place;  it  is  perhaps,  as  Fuchs 
asserts,  the  principal  fire-place  in  Nicaragua;  but,  violent  thougU 
it  has  been,  the  eruption  of  1883,  compared  with  that  of  Coseguina, 
is  but  an  abortive  eruption.  It  ia  a  warning ;  the  catastrophe  has  yet 
to  comeJ' 

With  such  a  possibility  in  view  Professor  Bertrand  asserts  that 
the  dangers  which  menace  this  region  are  by  no  means  of  a  vague 
nature.  Again,  he  insists  that  the  line  of  Nicaragua  is  one  of  the 
lines  of  weakness  and  instability  of  Central  America,  the  lowering 
of  the  platform  being  due  to  a  transverse  volcanic  fracture;  the 
same  cause  which  creates  apparent  facilities  for  the  cutting  of  the 
canal  creates  also  a  lasting  danger.  What  has  happened  on  the 
homologous  site  of  Fonseca  indicates  the  nature  of  this  danger,  not 
with  absolute  certainty,  but  with  the  chance  of  fulfilment  at  no 
distant  period.  He  then  proceeds  to  point  out  the  possible  results 
on  works  such  as  an  interoceanic  canal  would  require.  What  with 
emptionSy  earthquake  shocks,  and  seismic  waves,  these  would  have 
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a  poor  time  of  it,  and  he  reminds  bis  readers  that  during  the  earth- 
quake of  May,  1844,  the  waters  of  Lake  Nicaragua  rose  and  eauaed 
tremendous  damage  along  its  shores.  Hence  he  issues  a  wamiog 
against  the  folly  of  entering  into  a  hopeless  contest  with  the  foroei 
of  Nature. 

Eeverting  once  more  to  the  Isthmus  of  Panama,  Professor  Bertrand 
points  out  that  in  the  whole  of  the  region  included  between  Cbiriqni, 
whose  last  eruption  was  in  the  sixteenth  century,  and  Tolima,  the 
most  northern  volcano  of  the  Andean  system,  there  are  no  recent 
volcanoes :  it  is  a  region  of  calm  between  the  two  Americas.  As 
we  have  already  seen,  the  latest  eruptions  date  from  the  end  of  the 
Miocene  period.  The  lowering  of  the  platform  at  Panama  is  dae, 
not  to  a  transverse  fracture,  but  to  a  lesser  manifestation  of  the 
forces  wliich  have  caused  the  Isthmus  to  rise  up.  "  The  Isthmnt,'* 
he  saysy  "  is  formed  by  an  extremely  flattened  vault,  showing  in 
the  centre  flows  and  breccias  of  Oligocene  age,  on  whioh  repose 
on  either  side,  with  a  slight  inclination,  the  series  of  Aquitanian  and 
Miocene  beds.  The  eruptions,  for  the  most  part  submarine,  have 
continued  intermittontly  to  the  end  of  the  Miocene ;  then  oame  the 
uplift,  before  the  Pliocene,  which  has  formed  the  central  anticlinal 
of  the  Isthmus.  This  anticlinal  is  most  conspicuous  from  north-west 
to  south-east,  consequently  it  has  made  its  mark  more  strongly  in 
the  contour  of  the  country.*'  This  is  the  sole  cause  of  the  natural 
gap  of  Panama.  He  further  entertains  the  question  of  earthquakes 
in  this  district,  which,  when  compared  with  those  of  other  places 
in  Central  America,  seem  to  be  unimportant  The  question  of  the 
subsidence  of  the  Bay  of  Panama  is  discussed  in  connection  with  the 
hypothe8i8  of  Suess  of  a  progressive  subsidence  of  the  Pacific  coast. 
He  concludes  that  there  really  has  been  a  subsidence,  so  far  as  the 
Bay  of  Panama  is  concerned,  but  he  does  not  see  any  indication 
that  the  phenomenon  is  likely  to  continue. 

The  concluding  part  of  this  memoir  deals  with  the  great  structural 
lines  of  Central  America  and  of  the  Caribbean  Sea,  including  altto 
the  adjacent  portion  of  the  South  American  continent.  In  this 
the  author  to  a  certain  extent  reflects  the  views  of  Suess.  It  is 
a  question  of  high  tectonics,  which  has  only  an  indirect  bearing 
on  the  comparative  merits  of  the  Panama  and  Nicaragua  routes. 
The  author  supplies  his  readers  with  a  very  useful  sketch-mAp, 
a  perusal  of  which  will  enable  them  to  follow  his  views.  The 
main  conclusion  with  which  we  are  concerned  is  the  establishment 
of  a  hypothetical  line  which  he  calls  an  arite  de  rebrotisaement. 
This,  he  says,  is  the  true  line  of  division  between  North  America, 
including  the  Caribbean  Sea,  and  South  America ;  its  results,  as 
regards  volcanoes  and  earthquakes,  have  the  effect  of  producing 
a  region  of  calms,  a  sort  of  dead  anglCy  where  Panama  has  the 
good  fortune  t^  be  situated  at  about  an  equal  distance  from  two 
dangerous  lines. 

The  following  are  his  conclusions  : — 

There  are  no  volcanoes  around  Panama,  all  eruption  having  cease<l 
since  the  Miocene :  this  is  the  first  point  and  the  most  important  of  all- 
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With  the  exception  of  the  earthqaake  of  1621,  whioh  is  even 
eon  tested,  there  have  never  heen  in  the  region  anything  but  slight 
shocks,  of  whioh  a  portion  are  due  to  the  '  echo '  of  earthquakes 
at  a  diiitanoe. 

The  depression  utilized  by  the  scheme  of  the  Panama  Canal  is  not 
a  transverse  fracture. 

The  depression  of  the  Pacific  ooast,  and  especially  the  sinking  in 
of  the  Bay  of  Panama,  in  favour  of  which  view  there  are  numerous 
ifidioations,  should  not  be  regarded  as  phenomena  in  the  course  of 
operation,  but  as  phenomena  actually  effected,  at  any  rate  as  regards 
the  actual  geological  period.  In  this  there  is  no  special  cause  for 
mobility  of  the  soil. 

Lastly,  the  position  of  the  lines  of  folding,  and  the  distribution, 
according  to  these  lines,  of  volcanic  or  seismic  activity,  show  that 
Panama  is  situated  in  a  kind  of  dead  angle,  in  a  tranquil  zone,  at  an 
equal  distance  to  the  north  and  south  of  the  last  lines  of  disturbance. 

Thus,  all  these  considerations,  whether  we  regard  them  from 
a  statistical,  a  volcanic,  or  a  tectonic  point  of  view,  lead  to  the  same 
result ;  they  allow  us  to  conclude  that  Panama  is  the  most  stable 
and  the  least  threatened  region  of  Central  America.         W.  H.  H. 


Geological  Sooibtt  of  London. 

June  18th,  1902.— Professor  Charles  Lapworth,  LL.D.,  F.K  S., 
President,  in  the  Chair.  The  following  communications  were 
read  : — 

1.  "The  Great  Saint- Lawrenoe-Champlain-Appalachian  Fanlt  of 
America,  and  some  of  the  Geological  Problems  connected  with  it." 
By  Henry  M.  Ami,  M.A.,  D.Sc.,  F.G.S. 

The  extent,  earth-movements,  and  striking  characteristics  of  this 
fault-line  and  of  the  geological  formations  which  occur  along  this 
line  of  weakness  in  the  earth's  crust,  with  special  reference  to  the 
formations  in  British  North  America,  were  diHOussed. 

Recent  inveBtigations  in  the  succession  of  faunas  and  geological 
formations  in  Eastern  Canada  have  emphasized  the  fact  that  those 
formations  which  occur  to  the  south  and  south-east  of  this  great 
dislocation  are  strikingly  like  the  geological  formations  referable  to 
the  same  geological  systems  in  Great  Britain  and  Western  Europe. 
The  fault,  as  it  is  traced  to-day,  appears  to  divide  the  geological 
formations  of  the  Maritime  Provinces  and  Canada  into  two  distinct 
geological  provinces — one,  east  of  the  fault,  in  which  the  several 
formations  resemble  both  lithologioally  and  palceontologically  the 
British  succession ;  the  other,  to  the  west  of  this  great  fanlt, 
where  there  occurs  the  typical  American  or  epicontinental  type  of 
succession. 

2.  "The  Point-de-Galle  Group  (Ceylon):  Wol  I  astonite- Sea  polite- 
Gneisses."  By  Ananila  K.  Coomaraswamy,  Esq.,  B.Sc,  F.L.S., 
F.G.S. 
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The  chief  rook-types  vary  from  basio  pyrozene-Bphene-soapolite- 
rook,  through  intermediate  rooks  composed  of  pyroxene,  Bcapolite» 
and  wollastonite,  with  felspar  and  quartz  subordinate  or  abundant, 
to  acid  types  made  up  of  orthoclase-mioroperthite  or  coarse-graiiMd 
quartzo-felspathic  rocks.  They  di£fer  from  the  normal  types  be- 
longing to  the  Ghamockite  Series  in  their  somewhat  coarser  gniiv 
in  the  presence  of  wollastonite,  scapolite,  and  sphene,  the  existeooe 
of  definite  dykes  and  segregation- veins  crossing  the  foliation,  and  in 
the  absence  of  garnet,  hypersthene,  original  mica,  and  hornblende; 
but  they  resemble  the  series  in  the  variability  of  chemical  and 
mineralogical  composition,  in  the  conspicuous  foliation,  the  common 
strike,  the  petrological  character  of  the  acid  types,  and  in  the  looal 
tendency  to  graphic  structures.  The  foliation,  dykes,  weathering, 
and  relationship  to  the  Chamockite  Series  are  diescribed :  and  an 
account  is  given  of  the  more  important  of  the  minerals.  The  rocks 
must  be  classed  as  orthogneisses,  and  the  wollastonite  and  scapolite 
are  original  minerals.  Possibly  the  richness  in  lime  is  due  to  the 
absorption  of  a  mass  of  limestone  by  a  portion  of  the  Chamockite 
Series.  If  this  be  the  case,  the  lime-silicates  must  be  regarded  aa 
endomorphic  contact-minerals.  On  the  other  hand,  the  local  richneaa 
in  lime  might  be  due  to  an  original  variation  in  the  constitution  of 
the  magma.  The  rocks  show  a  progressive  differentiation  from  basio 
to  acid  types,  the  coarse  segregation- veins  being  the  last  product  of 
the  process.  That  the  rocks  have  not  suffered  from  earth-movement 
since  their  complete  consolidation  is  evidenced  by  their  microscopic 
characters,  while  the  interlocking  of  the  minerals  at  the  junction  of 
the  segregation- vein 8  with  the  matrix  shows  that  the  veins  are 
of  contemporaneous  character. 

3.  "  On  the  Jurassic  Strata  out  through  by  the  South  Wales  Direct 
Line  between  Filton  and  Wootton  Bassett'*  'By  Professor  Sidney 
Hugh  Reynolds,  M.A.,  F.G.S.,  and  Arthur  Yaughan,  Esq.,  B.A., 
B.Sc,  F.G.S. 

In  this  section  a  thin  bed  of  typical  Cotham  Marble  is  followed  by 
the  '  White  Lias/  and  that  by  the  Lower  Lias,  which  in  this  district 
attains  a  thickness  of  about  200  feet.  The  following  zones  are 
represented  :  (1)  the  PZanor6t«-beds,  containing  the  Oa^rea-beds  and 
the  Ctdarta-shales;  (2)  the  AngnlatuB'hQ^%,  including  the  Conyhtati 
sub- zone ;  (3)  probably  the  Bucklandi-hedi  \  (4)  the  Tumert-shalee; 
(5)  the  Oxyno^us-beds ;  (6)  the  Armatus  and  Jamesom-hoA^ ;  and 
(7)  the  CapricomuS'ZoxiQ,  The  strata  are  remarkably  shaly,  limestone 
being  predominant  only  at  the  base.  The  typical  ironshot  Marlstone 
is  only  a  few  feet  thick,  and  the  Upper  Lias  is  reduced  to  a  thickness 
of  about  10  feet  The  latter  consists  of  a  compact,  cream-coloured 
marl  with  Ammonites  falcifery  a  compact  marly  limestone  with  Amn- 
communis,  and  a  pyritic  bed  containing  Amm.  htfrons.  The  Cotteswold 
Sands  are  185  feet  thick,  and  contain,  at  several  horizons,  hard  marl/ 
beds  with  Amm,  striatulus.  They  are  capped  by  the  Cephalopod  Bed, 
in  which  Mr.  S.  S.  Buckman  has  recognized  four  Ammonite-zones. 

The  Inferior  Oolite  has  at  its  base  a  rock  on  the  horizon  of  tbe 
'Pea-Grit '  followed  by  OoUUo  Umestones  and  *  Trigonia-GriC   It i» 
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snooeeded  by  an  Oolitio  limestone  of  oonsiderable  thickness  containing 
fossils  of  the  Fallen'  Earth  type,  and  forming  a  passage  between  the 
Inferior  Oolite  and  the  Fullers*  ESarth,  which  oomes  next  in  saccession. 
Above  this  are  sandy  limestones,  passage-beds,  with  Amm.  gracilis^ 
a  form  found  in  the  Stonesfield  '  Slate.'  The  Great  Oolite  consists 
of  white  Oolitio  limestones  with  a  P^o/adom^a-bed  below,  and  an 
npper  series  of  wedge-bedded  Oolitic  limestones  containing  lenticular 

£  itches  of  clay  and  sand  with  a  Bradford  Clay  fauna.  The  Forest 
arble,  which  is  of  g^eat  thickness  and  monotonous  character,  consists 
chiefly  of  shales,  with  bands  of  sandy,  shelly,  and  Oolitic  limestones. 
It  is  followed  by  the  Cornbrash.  The  Oxford  Clay  with  the  usual 
zones,  and  the  Corallian  clays  and  pisolite  close  the  sections.  Fossil 
lists  and  palteontological  notes  on  each  subdivision  are  given. 

The  next  meeting  of  the  Society  will  be  held  on  Wednesday, 
November  5th,  1902. 


NOTE  ON  A  NEARLY  COMPLETE  SPECIMEN  OP  ICHTHYOSAURUS 
THYREOSPONDYLUS  FROM  THE  KIMERIDGE  CLAY  OF  SPEETON. 

Sib, — It  will  be  well  to  put  on  record  a  recent  find  of  this 
uncommon  species,  especially  as  the  remains  now  discovered  are 
more  complete  than  any  previously  recorded,  and  largely  increase 
our  knowledge  of  the  osteology  of  this  animal.  While  examining 
some  recent  exposures  to  the  north  of  the  Speeton  ''  Middle  Cliff," 
Mr.  C.  G.  Danford,  of  Reighton,  detected  some  vertebrate  remains. 
He  was  successful  in  the  course  of  several  days  in  excavating 
53  vertebrae,  a  large  number  of  ribs,  the  lower  jaw,  and  portions 
of  paddles,  all  clearly  belonging  to  one  individual.  Dr.  Smith 
Woodward  has  identified  the  remains  as  those  of  Ichthyosaurus 
ihyreospondylus,  Owen,  and  associated  fossils  confirm  the  age  to  be 
Kimeridgian.  The  vertebras  of  this  species  were  figured  by  Phillips 
in  his  "Geology  of  Oxford,"  1871,  and,  so  far  as  I  can  find,  no  other 
portions  of  the  skeleton  were  known  until  the  discovery  of  the 
present  specimen.     Yorkshire  is  also  a  new  locality  for  the  species. 

Mr.  Danford  has  generously  placed  the  specimen  in  the  Hull 
Municipal  Museum.  This  Museum,  which  is  now  Corporation 
property,  has  as  a  nucleus  the  collections  of  the  old  Literary  and 
Fhilosophical  Society,  and  as  at  present  an  attempt  is  being  made  to 
get  together  a  typical  local  collection  of  fossils,  the  gitt  of  this 
skeleton  is  a  most  opportune  one. 

The  only  other  important  remains  of  sauria  from  the  Kimeridge 

Clay  of  Yorkshire  were  found  in  a  brick-pit  near  South  Cave  many 

years  ago,  and  consist  of  two  large  paddle-bones,  some  vertebrsB,  etc. 

These  also  the  Hull  Museum  has  been  fortunate  enough  to  secure, 

through  the  generosity  of  Mr.  G.  W.  B.  Macturk. 

Thos.  Sheppard,  F.G.S. 
Hull  Museum. 
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THE  RIVERS  OF  WALES. 

Sir, — May  I  be  permitted  to  assure  Mr.  Strahan  that  it  is  not  bis 
oritioisms  to  wbioh  I  object,  even  thougb  be  still  finds  the  second 
part  of  my  paper  too  great  a  tax  upon  bis  credulity.  What  really 
concerns  me,  as  a  worker  in  the  Principality,  is,  that  the  Quarterly 
Journal  of  the  G^logioal  Society  should  be  open  to  speonlatioD 
about  the  rivers  of  South  Wales  and  dosed  to  speculation  aboot 
tbose  of  North  Wales.  Philip  Lakb. 

AuffU9t  8, 1902. 

LITTORAL  DRIFT. 

Sir, — My  friend  Mr.  W.  H.  Wheeler's  new  book  on  the  Sea-Cout 
has  been  reviewed  with  such  universal  oommendation  that  it  may 
seem  invidious  to  offer  any  word  of  criticism.  But,  as  my  own  work 
in  the  same  direction  was  reviewed  in  the  GkologioaIi  MAOiziift 
some  years  ago,  and  as  if  Mr.  Wheeler  is  right  I  am  most  oo- 
doubtedly  wrong,  it  may  be  as  well  to  point  out  briefly  my  reatoos 
for  divergence,  leaving  it  to  experts  to  decide  the  questions  at  issne. 

Mr.  Wheeler's  conclusions  are  based,  explicitly  or  implicitly,  oa 
some  six  hypotheses,  viz. : — 

(1)  That  the  tidal  wave  is  a  wave  of  translation. 

(2)  That  the  flood -tide  current  generally,  as  a  current,  is 
a  stronger  current  than  the  ebb-tide  current. 

(3)  That  the  flood -tide  current  generates  tidal  wavelets  of 
translation. 

(4)  That  sea  waves  on  approaching  the  shore  become  waves  of 
translation. 

(5)  That  sea  waves  approaching  the  shore  raise  the  mean  level 
of  the  water,  with  the  effect  of  adding  temporarily  to  the  volume  of 
water  above  mean  level,  as  compared  with  the  volume  below 
that  level. 

(6)  That  the  proportion  of  height  to  length  of  wave  may  be  as 
much  as  1  to  3. 

Mr.  Wheeler  incidentally  discusses  a  wave  with  the  assumed 
proportions  of  30  feet  long  and  10  feet  high. 

It  would  be  scarcely  possible  to  discuss  the  evidence,  mathematical, 
observational,  and  experimental,  on  these  six  points,  under  some  two 
or  three  hundred  pages. 

In  this  as  in  many  other  cases  controversialists  do  not  use  the 
same  terms  with  the  same  meanings,  so  that  the  nomenclature  must 
first  be  cleared,  e.g. : — 

(1)  The  tidal  wave,  due  to  the  attraction  of  moon  and  sun,  gives 
rise  to  two  currents,  an  ebb  and  a  flood ;  but,  when  the  flood  runs 
lip  a  channel  such  as  the  Severn,  and  creates  a  '  bore,'  observers  are 
apt  to  8peak  of  such  bore  as  the  tidal  wave  itself,  instead  of  as 
a  subsidiary  wave  due  to  the  retardation  of  the  tidal  flow-current 
in  the  river. 

(2)  As  the  flood-tide  current  at  sea  runs,  as  a  rule,  three  or  more 
hours  after  high-water,  the  term  '  flood  tide '  is  ambiguous. 
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Sir  Geoi^  Airy  observes  that,  "in  the  tide  wave  and  every 
other  wave  whioh  travels  along  a  channel  ....  this  law 
is  aniversal,  that  the  water  is  travelling  forward  with  its  greatest 
fipeed  at  the  time  of  high  water,  or  at  the  top  of  the  wave"  (''Tides 
and  Waves/'  art  183).  The  flood-tide  current  UHually  flows  from 
'  half  flood '  to  '  half  ebb  * ;  and  the  ebb  current  ebbs  from  half  ebb 
to  half  flood.  Thus,  when  Mr.  Wheeler  discusses  the  effect  of  the 
flood-tide  current  it  is  most  important  to  know  exactly  what  is 
meant ;  for  the  water  does  not  turn  in  direction  until  the  tide  has 
been  rising  some  three  hours,  unless  affected  by  special  circumstances. 

(3)  Then  there  is  another  important  source  of  confusion  of  ideas 
among  writers  generally.  The  great  tidal  wave  is  often  spoken  of 
AS  though  a  wave  which,  crossing  the  Atlantic,  impinges  on  the 
ooasts  of  Europe ;  whereas  of  course  the  motion  of  the  great  tidal 
wave  is  away  from  the  British  shores,  travelling  from  east  to  west 
Thns  no  little  confusion  arises  between  the  ideas  of  the  great  tidal 
wave  and  the  tidal  currents  which  run  in  an  out  of  our  British 
waterways.  The  generation  of  tidal  wavelets  of  translation  by  the 
flood-tide  current,  or  any  tidal  current,  is  not  in  accordance  with  my 
own  experience  at  the  seaside  during  the  past  fifty  years. 

(4  and  5)  These  hypotheses  are  not  confirmed  either  by  my  own 
observations  or  experiments. 

(6)  A  proportion  of  wave  length  to  height  of  only  3  to  1  is  to 
myself  inconceivable.  My  boat  was  26  feet  long  with  a  freeboard 
of  about  2  feet.  I  should  not  be  writing  this  letter  if  one  were 
liable  to  encounter  such  waves  or  anything  approaching  them  in  the 
English  Channel.  I  should  say  that  a  length  to  height  of  20  to  1 
would  be  very  excessive ;  and  that  40  to  I  would  be  much  nearer 
the  mark.  My  friend  Mr.  Howard  Fox,  F.G.3.,  has  himself  observed 
waves  with  a  period  of  twenty  seconds  at  the  Lizard  Signal  Station. 
These  waves  would  be  just  over  2,000  feet  long.  Sir  G.  G.  Stokes 
records  waves  with  a  period  of  17  seconds. 

It  is  true  that  Littoral  Drift  has  a  limited  interest  for  geologists  ; 
but  the  action  of  waves  on  the  coast,  and  on  sea-bottoms  to  at 
least  a  depth  of  100  fathoms,  affords  geological  and  palasontological 
problems  of  very  great  interest  indeed,  so  that  it  is  advisable  to  see 
that  the  foundations  are  securely  laid. 

If  any  mathematician  who  can  speak  with  authority  would  write 
a  little  primer  on  wave-action,  similar  to  Sir  Archibald  Geikie's 
shilling  Primer  of  Geology,  it  would  be  invaluable.  For  my 
own  instruction,  when  working  and  experimenting,  I  was  entirely 
dependent  on  the  kindness  of  Lord  Kayleigh,  who  was  ever  ready 
to  explain  what  I  failed  to  understand ;  and  of  Sir  G.  G.  Stokes, 
who  worked  out  a  special  case  for  me,  since  published  in  the 
Transactions  of  the  Devonshire  Association.*  But,  so  far  as  my 
experience  goes,  the  information  generally  accessible  to  non- 
raathematicians  is,  on  this  subject,  worse  than  useless,  being  almost 
invariably  misleading. 

*  Trans.  Devoashire  Assoc.,  1887,  p.  512. 


430  CoryespoHilenee — J.  E,  Ufarr. 

Of  conrera,  T  aooept  implioitl;  all  Mr.  Wheeler's  own  observalionii 
but,  as  I  demur  to  the  aforesaid  six  hypotheses,  I  am  nosbla  b 
aooept  hia  azpIanalioD),  A.  B.  Host. 

SotTBWOOD,   TOIUtDAI. 

JhI^  17,  1B02.  

LAKES  OF  SNOWDONIA. 

Sib,— In  the  Gkolooiual  Maoazimc  for  1900  (Deo.  IT,  ToL  Til, 
p.  66)  Mr.  Dak^ns  oritioizes  a  paper  published  in  a  pnrioiu  vobas 
of  the  Magazine,  in  which  Mr.  Adie  and  I  treat  of  Iha  I^kmd 
tinowdonia.  Mr.  Dukyns  baa  oonvioted  me  of  two  mistakes,  mat 
in  a  matter  of  observation,  the  other  in  the  manaer  of  expreeaion  of 
a  statement.     For  eaoh  of  these  mistakes  I  am  alo&B  responsible. 

I  had  hoped  to  aooept  Mr.  Dakjns'  polite  inritation  to  go  ont 
th«  ground  with  him,  but  T&rious  oironmstsDoea  bave  prevented  w> 
from  doing  so,  and  I  have  therefore  awaited  the  publioatioo  of 
Mr.  Jehn'a  paper  upon  the  Lakes  of  Snowdonia  (Tnn&.  Roy.  Soo. 
Edinb.,  vol.  ix,  p.  419)  before  making  my  oonfaadoB  oranur. 

Mr.  Jehu  informs  me  that  I  undoubtedly  mistook  m  mMM 
diversion  of  the  straam  issuing  from  Gloslyn  for  a  natonl  oak  ii 
he  has  not  oorreoted  this  serions  error  in  a  promioent  ■""■t'  m  Ul 
paper,  I  feel  bound  to  do  so.  I  oan  only  plead  in  mitigtiiaB  of  WJ 
offence  that  the  outlet  was  examined  towards  duk  OB  a  nnuyllf 
in  the  Easter  vacation  ;  nevertheless,  as  our  p^por  wu  p«tif 
oocnpied  with  oritioiam  of  the  views  of  others,  I  feel  that  I  ao^ 
to  have  revisited  the  lake  before  making  my  statement. 

The  other  matter  refers  to  the  bed  of  the  Colwyn,  wfaioh  I  mii 
"rune  over  drift."  I  should  have  said  that  drift  extends  along  tk> 
lower  part  of  the  vallRy  beneath  or  near  the  bed  of  the  river. 

Concerning  other  part«  of  Mr.  Dakyns*  paper  I  may  hava  aoiw- 
thing  to  say  in  the  future,  hut  I  feel  that  no  further  time  ahonld  ba 
allowed  to  elapse  before  acknowledging  mistakes  to  which  attsniios 
has  been  drawn  in  so  straightforward  a  manner.     Johh  E.  Mau. 
ClHBBlDOE.  Aiigml.  1902. 
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PHILIP  JAMES   RUFFORD,  F.G.S., 
Op  thb  HASTiHoa  anu  St.  Leonards  Musidm  Asbociatioh. 

Boh:j  JaSIART  26,  1852.  DiiD  Jrai  19,  1902. 

It  is  with  deep  regret  we  record  the  death  of  Mr.  Pbilip 
Rufford,  F.G.S..  of  37,  Mngdalen  Road,  St.  Leonards -on- Sea,  a  mo.t 
ardent  geologiHt  and  entlmsinstic  naturalist,  who  had  for  some  yui 
devoted  himself  very  earnestly  to  the  advatioement  of  the  Hasting) 
and  St.  Leonards  Museum  forming  a  part  of  the  Brassey  Inslitsle. 
Hastings,  in  which  he  8(icnl  a  con  side™  lile  portion  of  his  time. 

PhilipJamesUiifford,  the  only  son  of  the  late  Rev. Philip  RuffofJ. 
M.A.,  Rector  of  Thorne-Coffiu,  Somerset,  was  born  at  Great  Ahi(> 


Ruffordia,  a  neic  tjenu/f  of  Wealden  Fern. 


M  Ooepperti  (Sewnnl),  a  new  fossil  fern  from  the  Wt'ulden  Formfltiot 
Icclcsboume,  Uunliiigs,  discovured  by  Mr.  I'hilip  J.  Uutford,  if\G.S. 
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Warwiokshire,  Janaary  26tli,  1852.  He  was  brought  up  as  a  Civil 
Engineer,  but  early  in  his  career  his  health  broke  down  and  he  wu 
compelled  to  abandon  his  profession,  and  about  the  year  1886  he 
settled  with  his  mother  in  The  Croft  at  Hastings.  Having  by  carefal 
stndy  and  observation  previously  acquired  a  very  considerable 
knowledge  of  geology,  on  coming  to  reside  in  Hastings  he  devoted 
all  his  time  and  attention  to  collecting  fossils  from  the  Wealden  strata 
of  the  neighbourhood,  especially  at  Eoclesbourne  and  Fairligiit. 
Mr.  Rufford's  favourite  collecting-ground  was  along  the  sea-shore 
from  Rock-a-Noro  to  Cliffs  End.  He  was  fortunate  in  obtaining 
a  very  fine  collection  of  Wealden  plants,  which  he  disposed  of  at 
a  nominal  valuation  to  the  British  Museum  (Natural  History),  Crom- 
well Road,  only  stipulating  that  they  should,  as  soon  as  possible,  be 
figured  and  described  by  the  Museum.  This  taKk  was  ably  ander- 
taken  by  Mr.  A.  C.  Seward,  M.A.,  F.R.S.,  in  1893-4  and  5.  In  the 
preface  to  vol.  i  the  Keeper  of  Geology  writes :  '*  We  are  fortanate  in 
possessing  many  of  Man  toll's  original  specimens  of  Wealden  plants, 
but,  although  historically  of  great  interest,  they  aro  largely  superseded 
by  those  recently  obtained  by  Mr.  P.  Rufford,  whose  fine  collection 
has  lately  been  acquirod  for  the  National  Museum  *'  (p.  vi  op.  cit). 
In  the  same  volume  Mr.  Seward  describes  147  specimens,  mostly 
Ptbridophtta,  from  Mr.  Rufford's  collection.  Amongst  these  ifl 
a  new  genus  of  ferns  dedicated  to  the  discoverer,  by  Mr.  A.  0. 
Seward,  as  Bnffordia,  gen.  nov.  (p.  75,  pi.  iv),  having  a  finely 
divided  form  of  frond,  not  unlike  Aaplenium  fragrans,  Sby.,  in  habit. 
In  vol.  ii  Mr.  Seward  illustrates  the  Cyeadiles  and  Zamites  (with 
their  fruits  and  stems),  and  the  Conifersd,  and  refers  to  no  fewer 
than  196  specimens  from  Mr.  Rufford's  collection,  many  of  which  be 
describes  and  figures.  This  interesting  series  of  Wealden  plants  is 
now  all  well  arranged  and  exhibited  in  Grallery  No.  X,  Department 
of  Geology,  British  Museum  (Natural  History).  The  ferns  and 
zamia-leaves  from  Eoclesbourne  aro  very  beautiful,  and  form  a  most 
attractive  part  of  the  collection. 

The  Museum  of  the  Brassey  Institute  commenced  to  assume  an 
organized  and  definite  shape  in  1891,  when  the  Committee  purchased 
a  part  of  the  Beckles  Collection  of  Wealden  and  other  fossils. 
Mr.  Rufford,  who  was  then  a  member  of  its  Committee,  took  upon 
himself  tlie  arduous  task  of  selecting,  naming,  and  arranging  these 
objects  with  his  own  hands,  adding  largely  to  the  geological  section 
of  the  Museum  from  his  own  private  cabinet.  He  also  contributed 
a  series  of  Recent  marine,  land,  and  frenh-water  Mollusca,  Kecen^ 
Sponges,  Hydroids,  Eohinoderms,  Polyzoa,  etc.  Owing  to  ill-health 
he  last  year  visited  Italy  and  stayed  the  winter  in  Rome.  Eni'y 
in  the  spring  he  spent  some  weeks  in  Naples,  where  he  was  much 
gratified  by  the  kindness  he  received  from  Dr.  Anton  Dohrn,  Director 
of  the  Marine  Zoological  Station,  and  from  his  assistants,  in  his 
efforts  to  gain  some  knowledge  of  the  living  sea  fauna  for  furthering 
his  studies  at  Hastings.  His  loss  to  the  Museum  will  longbefeH 
by  all  his  colleagues  who  served  with  him  on  the  Committee. 
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I. — Note  on  a  Pliocene  Yebtebbatb  Fauna   fbom  the  Wadi- 

Natbun,  Egypt. 

By  C.  W.  Akd&ews,  D.Sc.,  F.O.S.,  British  Museum  (Natural  Uistory). 

(rLATE  XXI.) 

AMONG  the  coUeotions  received  from  the  Egyptian  Survey  for 
determination  is  a  number  of  vertebrate  remains,  chiefly 
mammalian,  from  the  Wadi-Natrun,  whence  they  were  obtained  by 
Captain  Lyons,  the  Director-General  of  the  Survey,  and  by  Messrs. 
Beadnell  and  Blanckenhorn,  members  of  his  staff.  Last  year,  on 
my  return  from  Mogara  with  Mr.  T.  Barron,  I  was  able  to  collect 
for  a  few  hours  on  the  hill  called  Gart-el-Moluk,  from  which  most 
of  these  fossils  were  obtained,  and  found  a  few  additional  fragments. 
Finally,  Dr.  Studer,  of  the  Berne  Museum,  has  very  kindly  lent  me 
the  collection  he  received  from  the  same  locality,  and  has  himself 
described  in  some  detail.^  I  believe,  therefore,  that  a  great  part 
of  the  specimens  from  this  locality  are  now  in  my  hands.  Un- 
fortunately in  most  cases  the  remains  are  in  a  very  fragmentary 
condition  and  little  can  be  made  of  them,  but  there  are  a  few  well- 
preserved  teeth  and  limb  bones  which  indicate  the  existence  of 
a  fauna  of  considerable  interest,  and  are  sufficient  to  show  that  the 
locality  will  probably  yield  good  results  to  a  systematic  search.  At 
preflent  the  collections  include  remains  of  a  small  Hippopotamus, 
a  Hipparion,  a  small  pig-like  animal,  and  various  Antelopes.  In  the 
present  note  I  propose  to  give  a  short  account  of  the  more  important 
of  these  specimens. 

Hipparion.     (PI.  XXI,  Fig.  1.} 

Hipparion  is  represented  in  the  collection  by  a  very  well-preserved 
left  npper  premolar  (?p.m.  4).  The  enamel  is  extremely  complexly 
folded,  and  in   this  respect  the  tooth  closely  resembles  that  of 

I  **TJeber  fossile  Knochen  vom  "Wadi-Natrun,  Unteregj-pten '* :  Mittheil.  d. 
Katurforach.  Gesellschaft  in  Bern,  1898  (1899),  p.  72. 
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Htpparion  graeile  Eaup,  from  the  Pliocene  of  EppIesheiiiL  It 
differs,  however,  from  most  specimens  of  that  species  in  having  iti 
inner  column  more  laterally  compressed.  In  the  form  of  the  innflr 
column  Htpparion  Theobaldi,  from  the  Siwalik  Hills,  approaohsi 
the  Egyptian  form  very  nearly,  some  of  the  teeth  figond*  hj 
Mr.  Lydekker  heing  almost  identical  in  structure  with  the  spectmea 
here  described.  In  the  absence  of  more  complete  material  it  will  bo 
best  to  refer  our  specimen  to  the  widely  spread  species  Htpponos 
graeile,  at  the  same  time  drawing  attention  to  the  fact  that  in  tooM 
respects  it  resembles  H.  Theobaldi,  and,  like  it,  probably  represent! 
a  somewhat  later  stage  in  the  evolution  of  the  gproup,  the  form  of 
the  inner  column  being  rather  more  like  that  of  Equu$  than  is  the 
case  in  the  European  species. 

The  tooth  from  Wadi- Haifa  described  by  Lydekker  (Quart  Joarn. 
Geol.  Soc,  vol.  xliii,  1887,  p.  161)  is  that  of  a  true  Equue,  near 
E,  sivalensis,  and  the  deposits  from  which  it  came  are  probably 
Upper  Pliocene  or  early  Pleistocene  age. 

The  dimensions  of  the  tooth  now  described  are :  length  29,  width 
28,  height  of  crown  38  mm. 

Hippopotamus  hipponensis,  Gaudry.     (PI.  XXI,  Bigs.  2-5.) 

Among  the  best  preserved  specimens  are  three  teeth  of  a  small 
Hippopotamtu,  which,  for  reasons  given  below,  may  be  referred 
provisionally  to  the  above-named  species.  The  specimens  are, 
a  lower  premolar,  probably  p.m.  3  (PL  XXI,  Fig.  2),  and  two 
upper  posterior  molars  (Figs.  3-5),  one  of  which  is  quite  unworn. 

The  species  H.  hipponensis  was  founded  by  Gaudry'  on  teeth 
occurring  in  Pliocene  beds  near  Bone  in  Algeria.  The  premolar 
is  stated  to  be  especially  characterized  by  a  very  prominent  postero- 
internal cusp.  The  molars  are  not  figured,  but  it  is  stated  that  thej 
do  not  present  any  important  peculiarities.  From  this  it  would 
appear  that  the  sides  of  the  columns  were  probably  grooved  so  as  to 
give  a  trefoil  pattern  in  wear,  for  the  absence  of  such  a  marked 
characteristic  of  most  Hippopotamus  molars  could  not  well  have 
escaped  Professor  Gaudry 's  notice.  For  this  reason  it  seems  probaUe 
that  the  teeth  from  the  Pliocene  of  Oasino,  described  and  figured  bj 
Pantanelli  ^  as  those  of  H.  hipponensis,  may  in  fact  belong  to  another 
and  probably  earlier  species,  since  in  them  the  trefoil  pattern  is 
wanting,  or,  at  least,  obscure.  The  animal  which  Pomel  *  refers  to 
H,  hipponensis,  without  giving  any  valid  reasons  for  his  determinatioOf 
seems  to  be  quite  different  and  is  of  Pleistocene  age. 

For  the  present  it  will  suffice  to  refer  the  specimens  to  Gaudrj's 
species,  and  defer  more  detailed  consideration  until  further  material 
is  available. 

*  Lydekker,    **  Siwalik   and   Narbada   Equidac":     Mem.   Geol.    Surv.    Indiii 
ralajontoloRia  Indica,  wr.  x,  vol.  ii,  pt.  3  (1882).  pi.  xiii,  fig.  1. 

2  Bull.  Soc.  Geol.  France,  ser.  in,  vol.  iv  (1876),  p.  501,  pi.  xviii. 

3  Pantanelli,   **  Supli  strati  Miocenici  del  Ca.sino  (Siena) " :    Mem.  R.  Aectd. 
Lincci  (3),  vol.  iii,  p.  300,  pi.  iv,  figs.  1-7  (1879). 

♦Pomel,    **  Carte    Geologiquc    de   TAfrique  —  Paleontologie  "  :     Mono^plue 
yo.  8,  Les  Ilippopotaraes,  p.  9  ;  Algiers,  1896. 
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The  premolar  is  extremely  like  that  fibred  by  Gaudry  in  the 
paper  referred  to.  The  form  of  the  oingalam  and  of  the  postero- 
internal cusp,  as  well  as  the  scalptnre  of  the  enamel,  are  almost 
identical.  In  these  points  also  some  premolflurs  of  H»  sivatensis  are 
▼ery  like  our  specimen,  and  in  H.  liberiauis  this  prominent  postero- 
internal casp  is  regularly  developed  on  the  lower  premolars.  The 
form  of  this  tooth  is  well  shown  in  Fig.  2.  It  is  muoh  larger  than 
the  corresponding  tooth  in  H,  liberiensis,  and  is  about  the  same  size 
as  some  specimens  of  the  premolars  of  H,  sivalenais.  Its  width  is 
19  mm.,  its  length  32  mm. 

Of  the  two  upper  molars,  one  (m.  3)  is  quite  unworn.  This 
specimen  is  shown  in  Figs.  3  and  4.  The  cingulum  is  very  well 
developed,  particularly  on  the  anterior  border,  and  at  either  end  of 
the  transverse  valleys  there  are  a  number  of  tubercles  which  seem 
also  to  belong  to  the  cingulum.  The  anterior  pair  of  cusps  are 
higher  than  the  posterior,  and  the  inner  stand  slightly  above  the 
outer.  The  sides  of  the  columns  are  pinched  in  by  vertical  grooves 
on  their  anterior  and  posterior  faces  (see  Figs.  3,  4,  and  5),  so  that 
each  column  shows  the  usual  trefoil  pattern  as  soon  as  wear  has 
removed  the  summit.  In  this  these  teeth  differ  from  those  figured 
by  Pantanelli,  and  also  from  those  of  H,  Uberiensia,  in  which  the 
trefoil  is  imperfectly  developed.  The  teeth,  moreover,  are  more 
braohydont  than  those  of  H.  amphibitu  or  H,  liberiensis,  i.e.  the 
height  of  the  cusps  is  rather  less  in  proportion  to  the  other 
dimensions  of  the  teeth  than  in  those  species,  and  the  longitudinal 
valley  is  rather  deeper.  The  enamel  is  thickly  sculptured  by 
a  series  of  more  or  less  vertical  grooves,  and  there  is  also  a  very 
fine  horizontal  striation,  best  shown  on  the  cingulum  and  near  the 
base  of  the  crown  (see  Fig.  3). 

The  other  molar  (m.  2,  Fig.  5)  belonged  to  a  somewhat  smaller 
individual.  The  cingulum  is  strongly  developed  all  round  and 
sends  spurs  into  the  openings  of  the  transverse  valley.  Wear  has 
commenced,  and  is  most  marked  on  the  antero-intemal  cusp ;  the 
pattern  is  shown  in  Fig.  5,  where  it  will  be  seen  that  indications 
of  the  trefoil  pattern  are  already  noticeable.  Wear  is  also  well 
marked  on  the  inner  faces  of  the  transverse  valley,  the  cusps  of  the 
lower  molar  having  worked  between  those  of  the  upper.  In  this 
tooth  also  the  slightly  more  bracbydont  condition  is  apparent 

The  dimensions  of  the  teeth  figured  are  : — 

Approx.  height 
I^ength.  "Width.  of  crown. 

p.m.  3       32  mm.         ...         19  mm.         ...         31mm. 

m.  ^  ...         ...        oo    fy  ...        oo    fj  ...        ^1    ,, 

ni*  ij  ...         ...         o"    ),  -.•        Ot7    ,,  ...        oo    ,, 

A  number  of  limb  bones  referable  to  Hippopotamus  have  been 
determined  by  Dr.  Studer  {op,  cit  supra).  One  of  these  specimens 
is  a  small  humerus  (see  figure  in  text)  which  no  doubt  belongs  to 
the  present  species.  It  is  very  closely  similar  to  the  humerus  of 
H.  sivalensis,  with  which  I  have  compared  it,  but  at  the  same  time 
is  somewhat  smaller.     The  presence  of  an  irregvAat  ^qtIotc^Na^xl  V:^ 
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the  floor  of  the  oleoranon  fossa  eeems  to  be  of  little  importanoe,  ttl 
may  be  the  reaolt  of  aooident.  The  form  of  the  eoxiylK*  ufantt 
ii  like  that  of  the  Indian  apeoies.  The  width  of  the  distal  aad 
of  thia  speoimen  ia  97  mm. ;  the  width  of  the  lower  end  of  tba 
shaft  ia  40  mm.  The  proximal  end  of  the  conjoined  Fadiu  nd 
ulna  and  the  distal  end  of  the  ulna  and  put  of  the  radina  likewiit 
differ  from  the  corresponding  parts  in  B.  sivalmns  in  little  beodM 
their  aomewhat  amaller  size. 


Mppimmnt,  Gaudij. 

The  femur  (see  Studer,  op.  cit.,  p.  75)  differs  from  other  Hipp** 
polamits  femora  with  which  it  has  been  compared  in  having  a  sbortsr 
neck,  so  that  the  rounded  head  is  less  pedunculate  than  is  lunil 
in  the  genns.  This  bone  seems  to  have  belonged  to  a  Utfft 
individual  than  moat  of  the  others. 

There  are  two  calcanea  in  the  collection  which,  though  worn  tai 
brokeo,  are  certainly  those  of  a  mppopotamut.  One  of  theM 
specimens  is  much  larger  than  the  other,  and,  like  the  femur  abcn 
mentioned,  may  indicate  either  that  the  range  of  individual  variatioo 
in  size  was  very  Donsiderable  or  that  there  was  a  second  specie); 
the  second  alternative  seems  the  less  probable ;  the  length  of  ttw 
larger  ia  approximately  165  mm.  A  phalangeal  bone  ia  rather  men 
slender  than  in  other  species  of  Hippopolamiu.  Ite  length  is  60  miO'i 
the  width  of  its  proximal  end  is  34  mm.,  the  height  of  ditto  25  mm. 
Su»,  sp.     (PI.  XXr,  Fig.  6.) 

The  third  lower  molar  of  a  small  pig  seems  to  be  the  onlf 
fragment  of  that  animal  found  in  the  oollection.  The  form  of  tlii* 
specimen,  which  belongs  to  the  right  side,  is  shown  natural  atM 
in  Fig.  6.    It  will  be  seen  that  it  is  a  simple  type  of  tooth  villi 
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few  aooessorj  oasps  and  a  short  talon;  the  front  of  the  tooth  is 
incomplete,  tiie  antero-intemal  casp  having  been  broken  away ;  the 
anteio-extemal  cusp  is  oval  in  outline.  Behind  the  anterior  pair 
of  main  cusps  and  closely  adherent  to  the  inner  one  is  a  small 
taberole  (the  hinder  tubercle  of  the  anterior  crescent),  and  immediately 
behind  this  a  rather  larger  tubercle  occupying  the  middle  of  the 
transverse  valley  (this  is  the  '  central-hiigel '  of  Stehlin  and 
the  tubercle  marked  'e'  by  Lydekker).  Of  the  hinder  pair  of 
main  cusps  the  inner  is  the  smaller  and  the  higher ;  behind  them, 
again,  is  a  large  median  cusp  (the  '  verbindungs-hiigel '  of  Stehlin,^ 
'a'  of  Lydekker's'  figures).  The  talon  is  short  and  simple, 
consisting  of  a  main  cusp  (<  b '  of  Lydekker)  nearly  in  the  middle 
line,  a  smaller  one  ('  c '  of  Lydekker)  internal  to  this,  and  smaller 
tubercles  opposite  the  outer  ends  of  the  '  verbindungs-hiigel ' : 
these  last  small  cusps  seem  to  belong  to  the  cingulum,  which  b 
not  otherwise  represented. 

The  most  notable  character  of  this  tooth  is  its  very  small  size. 
Its  length  at  the  base  of  the  crown  is  24  mm.,  at  the  summit  of  the 
crown  22  mm. ;  its  greatest  width  was  approximately  13  mm.  It 
is  therefore  longer  than  the  corresponding  tooth  of  Sus  punjahieMis 
(16  mm.),  and  at  the  same  time  considerably  smaller  than  some 
specimens  in  the  British  Museum  referred  to  Sus  hysudrieus,  which 
in  many  respects  it  resembles  closely.  As  Stehlin  has  pointed  out, 
however,  it  is  very  doubtful  whether  all  the  specimens  referred  to 
S,  hyaudrietu  really  belong  to  one  species ;  it  is  the  FotamochosruB' 
like  form  figured  by  Lydekker  (op,  cit,  auprOy  pi.  viii,  figs.  2  and  3) 
which  comes  nearest  to  our  Egyptian  species.  With  such  scanty 
material  as  is  available  at  present  it  is  impossible  to  determine 
definitely  the  systematic  position  of  this  animal,  but  it  seems  most 
likely  that  it  comes  somewhere  between  the  earlier  Palaoeliosrus 
and  the  later  8us  hysudrieus,  or  perhaps  Potamoehcnrus.  The  dwarf 
forms  Snspunjabtensis,  Sanitherium  Schlagintioeiti,  and  Porcvla  salviana^ 
which  seem  to  be  closely  allied  to  one  another,  may  also  be  related, 
but  are  still  smaller. 

Remains  of  Buminants  are  represented  by  the  teeth,  horn-cores, 
and  fragments  of  limb  bones  of  various  antelopes. 

Htppotragus  ?  Cordieri,  De  Christol.     (PL  XXI,  Figs.  7  and  8.) 

The  most  interesting  of  these  specimens  is  an  unworn  left  third 
lower  molar.  After  comparison  with  the  teeth  of  many  antelopes 
it  was  found  that  this  tooth  agrees  almost  exactly  in  pattern  with  an 
uncut  third  lower  molar  of  a  young  individual  of  Hippotragus  niger, 
but  that  at  the  same  time  the  crown  is  much  more  brachydont 
Thus,  in  the  recent  species  the  length  of  the  tooth  to  the  height  of 
the  crown  is  as  29  to  43,  in  the  fossil  the  proportion  is  as  31  to  36. 

*  Stehlin,  "Ueber  die  Geschichte  des  Suiden-Gebisses "  :  Abhand.  Schweiz. 
Palaeont.  Gesellschaft,  vol.  xxri  (1899),  p.  30. 

'  Lydekker,  **  Siwalik  and  Narbada  Bunodont  Suina,"  pi.  viii,  etft.*.  "C^wstsSu 
Indica,  vol.  iu  (1884). 
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The  difference  is  even  more  strongly  marked  than  woald  aj^Mr 

from  the  measarements,  because  in  the  fossil  the  oolumns  are  tUekor 

than  in  the  recent  species,  and  the  whole  tooth  has  a  muoh  mon 

massive  aspect    The  increase  in  height  seems  to  have  affected  the 

anterior  portion  more  than  the  posterior,  the  muoh  greater  length  of 

the  antero-intemal  accessory  column  being  particularly  notioeiUe. 

In  the  fossil  the  accessory  inner  columns  lying  between  the  anteiior 

and  posterior  lobe  and  between  the  latter  and  the  talon  are  very 

small,  the  posterior  one  in  fact  being  a  mere  rudiment ;  in  the  reoeot 

animal  these  have  increased  greatly  in  size,  and  tiieir  height  is 

much  greater,  not  only  absolutely  but  also  relatively  as  compared 

with  ti^e  main   columns.     The  enamel  on  the  inner  fiioe  of  the 

tooth  is  more  sculptured  than  in  the  recent  species,  being  covered 

with  irregular  grooves  which  give  it  a  surface  like  that  common  in 

teeth  of  the  6iraffid».     The  enamel  of  the  outer  face  is  almost  smooth. 

A  last  lower  molar  of  an  antelope  from  the  Pliocene  sands  of 

Montpellier,  figured  by  Gervais  (Zool.  et  Pal.  fran9aises,  2nd  ed.,  1859, 

pL  vii,  figs.  8,  8a),  is  closely  similar  to  the  Wadi-Natrun  tooth ;  it  is 

referred  to  Antilope  recticomis,  which  Gervais  regards  as  synonymooi 

with  A.  Cordieri  of  De  Ghristol.    This  animal  has  also  be^n  described 

by  Forsyth  Major  (Atti  See.  Tosc,  vol.  i,  1876,  p.  231)  from  the 

Lower  Pliocene  of  Casino.    The  fact  that  this  species  is  referable  to 

Bippotragua  was  pointed  out  by  Sir  Victor  Brooke  in  1873  (Proc. 

Zool.  Soc.,  p.  551).    A  species  of  Htppotragus  has  also  been  described 

by  Lydekker  from  the  Pliocene  of  the  Siwalik   Hills   (Palseont. 

Indica,  vol.  iv,  pt  1,  1886,  p.  10,  pi.  ii,  figs.  4,  4a).      It  is  very 

likely  that  the  Egyptian  form,  when  better  known,  will  turn  out 

to  be  a  distinct  species,  but  it  is  here  referred   provisionally  to 

the    widely    distributed    Hippotragus    Cordieri^    De    Ghristol   sp. 

(£[.  recticomia,  Marcel  de  Serres  sp.),  above  noticed. 

The  collection  also  includes  a  greatly  worn  molar  which  agrees 
closely  with  the  upper  milk-molars  of  Eippotragus,  and  may  there- 
fore be  assigned  to  the  same  species.  A  horn- core  in  the  collection 
of  the  Berne  Museum  probably  also  belongs  here.  It  is  raised  on 
a  prominence  of  the  frontal,  enclosing  a  large  sinus  which  extends 
upwards  into  the  base  of  the  core  itself.  It  is  nearly  circular  in 
section,  but  is  so  much  broken  that  its  form  and  length  cannot  be 
clearly  made  out ;  it  must  have  been  much  shorter  than  in  an  adult 
individual  of  Eippotragus  niger.  This  specimen  has  been  described 
by  Professor  Studer,  who  regards  it  as  that  of  an  antelope  related 
to  Oryx,  There  are  also  some  fragments  of  limb  bones,  including 
portions  of  a  femur,  a  tibia,  and  a  metatarsus ;  the  last  belonged  to 
a  rather  smaller  animal  than  H,  niger. 

The  other  molar  of  a  Ruminant,  figured  on  PL  XXI,  Fig.  9,  is 
a  remarkably  hypselodont  tooth,  resembling  in  many  respects  that 
of  a  modem  goat.  It  is  the  last  lower  molar  of  the  left  side  and 
is  somewhat  incomplete,  the  antero-external  column  being  lost 
It  is  greatly  compressed  from  side  to  side,  the  talon  in  particular  being 
extremely  narrow,  at  leaat  towards  its  summit.    The  length  of  this 
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tooth  is  26  mm.,  its  height  41  mm.  I  have  been  unable  to  find  any 
form  closely  similar  to  this,  but  it  seems  to  resemble  some  hypselodont 
teeth  figured  by  Bodler  &  Weithofer  {**  Die  Wiederkauer  der  Fauna 
von  Maraghj^"  pL  iv,  fig.  5:  Denksohr.  k.  Ak.  Wissenschaften, 
Wien,  vol.  Ivii,  1890,  p.  770).  The  animal  was  no  doubt  an  antelope, 
and  probably  a  large  gazelle-like  form.  A  hom-oore  whioh  is  some- 
what laterally  oompressed,  especially  on  it s  outer  side,  probably  belongs 
to  this  animal.     Its  ourres  are  like  those  of  some  gazelle  horns. 

The  colleotion  also  includes  remains  of  crocodiles,  Trionyx  and 
other  Chelonians,  and  fish. 

The  stratigraphy  of  the  beds  in  which  these  bones  were  found 
is  described  in  detail  by  Blanckenhorn  in  "  Neues  zur  Geologic 
and  Palaeontologie  Aegyptens,"  pt.  iv  (Zeitschr.  d.  Deutsch.  geolog. 
Gesellschaft,  1901,  p.  301),  to  which  reference  may  be  made  for 
farther  information  on  this  point.  He  regards  the  beds  as  Lower 
Pliocene,  whioh  agrees  well  with  the  conclusions  arrived  at  from 
the  oonsideration  of  the  mammalian  fauna,  the  horizon  of  whioh  is 
probably  a  little  later  than  that  of  Casino,  and  is,  therefore,  either 
late  lower  or  early  middle  Pliocene. 


II. EoPHRTNUa    AND     ALLIED     CaBBONIFEBOUS    AbAOHNIDA. 

By  B.  I.  PococK,  F.Z.S.,  of  the  British  Museum  (Natural  History). 

Pabt  I. 
Intboduotion. 

FOR  the  opportunity  to  study  the  interesting  Carboniferous 
Arachnid  forming  the  subject-matter  of  the  following  pages, 
I  am  indebted  to  the  kindness  of  Dr.  Henry  Woodward,  F.R.S., 
who  recently  placed  in  my  hands  for  that  purpose  a  very  perfect 
gutta-percha  cast,  and  a  good,  though  less  complete  one,  in  plaster, 
of  the  original  fossil  specimen,  which  was  unfortunately  not  available 
for  examination  in  its  natural  form. 

The  typical  species  of  the  genus  Eophrynus  was  described  and 
figured  from  an  imperfect  specimen  by  Buckland  in  1836.  Dr.  H. 
Woodward  in  1871  correctly  assigned  this  fossil  to  the  Arachnida. 
Buckland  regarded  it  as  the  remains  of  a  coleopterous  insect,  and 
named  it  Curetdioidea  prestvicii.  The  genus  Curculioidea  also  con- 
tained a  species  named  anaticii,  the  systematic  position  of  which  is 
still  in  doubt.^ 

*  Four  pairs  of  appendages  are  represented  as  attached  to  the  anterior  portion  of 
the  body,  to  the  front  border  of  which  u  separate  transverse  sclerito  was  apparently 
articulated.  Buckland  regarded  this  sclerite  as  the  head,  and  the  appendages  as  the 
antenna)  and  three  pairs  ot  legs  of  a  beetle.  No  segments  are  described  in  connection 
with  the  abdomen,  but,  judging  by  the  figure,  this  region  was  furnished  with  a  large 
circular  anal  oriiice.  Scudder  (Proc.  Amer.  Acad.  Arts  and  Sci.,  vol.  xx,  1882,  p.  17) 
proTisionally  placed  this  species  in  the  Arachnida,  near  Architarbus.  I  suggest  that 
it  may  be  an  Arachnid  allied  to  the  recent  Cryptostenwta.  In  the  latter  the  largo 
circular  and  gaping  anus  is  a  very  marked  feature ;  there  is  a  movable  sclerite  jointed 
to  the  anterior  boiler  of  the  carapace  and  completely  concealing  the  mandibles ;  the 
appendages  of  the  second  pair  are  tucked  beneath  the  prosoma  when  at  rest,  so  that 
from  its  dorsal  side  the  animal  exhibits  only  four  pairs  of  limbs.  In  these  three 
features  Cryptostemma  resembles  Cttrculioidea  anstieii. 
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Thirty-five  years  later  a  second  and  remarkably  perfect  Bpeoimen 
of  C,  preBtvieii,  which  set  at  rest  the  question  of  the  Araohnidu 
affinities  of  the  species,  was  discovered  in  the  day  ironstone  of 
the  Dudley  Coal-measures.  Upon  the  species  represented  hy  this 
specimen  Dr.  Woodward  based  the  genus  EophrynuB,  leaving  amtidi 
by  elimination  as  the  type  of  Oureidioides. 

Unfortunately,  owing  to  certain  errors  committed  by  the  artiiti 
the  figure  and  description  of  the  fossil  are  discrepant  in  varioos 
particulars.  In  other  cases  important  structural  points  are  obscured 
by  heavy  shading.  These  blemishes  in  the  illustration  made  Che 
subsequent  determination  of  the  true  structure  and  taxonomio  positioii 
of  Eophrynus  a  matter  of  considerable  difficulty.  A  far  more  aooorsto 
figure  was  subsequently  drawn  by  Miss  G.  M.  Woodward,  undar 
Dr.  Woodward's  supervision,  and  printed  in  the  ''Guide  to  the 
Fossil  Invertebrata  in  the  Department  of  G^logy  and  Palsoontology 
in  the  British  Museum "  (Natural  History),  1897.  I  am  indebted 
to  Miss  Woodward  for  the  care  and  skill  shown  in  the  preparation 
of  the  figures  accompanying  Part  II  of  this  artioley  which  wers 
taken  partly  from  my  sketches  representing  my  conception  of  the 
features  exhibited  by  the  fossil.  Since  the  cast  of  Eopkrynut  is 
the  only  representative  of  this  group  of  Carboniferous  Arachnids 
that  I  have  been  able  to  see,  I  have  been  compelled  to  trust  to 
the  accuracy  of  the  figures  and  descriptions  of  other  authors  for 
information  regarding  allied  forms. 

The  subject-matter  of  this  essay  may  be  conveniently  divided  into 
three  sections:  (1)  The  morphology  of  Eophrynus;  (2)  the  classi- 
fication of  Eophrynm  and  its  allies ;  (3)  the  taxonomio  position  of 
the  Anthracomarti. 

1.  The  Mobpholoqy  of  Eophrynus* 

The  synonymy  of  Eophrynus  prestvidi  is  as  follows  : — 

Eophrynus  prestvidi  (Buokl.  sp.). 

Curadioidea  prtstvieiij  Buckland:  Bridgw.  TreatiBe  Geol.  and  Mineral.,  toI.  ii  (1836), 

p.  76,  pi.  46",  fig.  2  (2nd  edition,  1837). 
Eophrynus  prestvieii,  H.  Woodw. :   Geol.  Mao.,  1871,  pp.  386-388,  PI.  XI ;  and 

of  subsequent  authors. 

The  carapace  is  unsegmented.  It  is  narrowed  anteriorly,  its 
posterior  width  exceeding  its  length.  Its  median  area  from  the 
anterior  almost  to  the  posterior  border  is  raised  into  a  broad 
longitudinal  axial  elevation,  divided  superficially  into  ridges  and 
lobes  by  transverse  and  longitudinal  grooves.  Two  transverse 
constrictions  which  cross  its  dorsal  surface  divide  it  into  three 
subequal  portions — an  anterior,  a  median,  and  a  posterior.  The 
last  is  laterally  crested  and  impressed  mesially  and  behind  by 
a  longitudinal  groove,  which  appears  to  correspond  to  the  median 
muscular  impression  or  fovea  present  upon  the  carapace  in  some 
other  orders  of  Araohnida.  The  median  and  anterior  portions  are 
divided  by  two  longitudinal  grooves  into  a  central  and  two  lateral 
crests.  The  central  crest  of  the  median  portion  is  the  highest  point 
of  the  carapace.  It  bears  a  pair  of  oval  pits.  The  anterior  portion 
Blopea  obliquely  downwards  audfoxyvatds  to  its  narrowed  but  bluntlj 
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convex  extremity.  The  elevated  areas  juat  deBcribed  are  roagheDed 
with  ooarae,  sometimeB  aDastomosiDg,  granules.  This  elevated  portion 
of  the  carapace  occupies  rather  more  than  the  median  third  of  its 
area.  Behind  and  on  each  side  of  it  the  carapace  projects  horizontally 
Guid  exhibits  a  coarse  sculpturing  of  pits  and  anastomosing  ridges, 
rhe  area  behind  the  elevation  is  short,  and  marked  with  a  narrow 
transverse  recurved  crest  which  equals  the  width  of  the  posterior 
md  of  the  elevation ;  the  area  at  the  sides  is  impressed  with  two 
grooves  passing  externally  into  marginal  notches  which  give  rise 
to  the  trilobed  appearance  of  this  region.  The  three  lobes  overlie 
the  basal  segments  of  the  second,  third,  and  fourth  legs  (fourth,  fifth, 
emd  sixth  appendages),  the  grooves  and  marginal  notches  corre- 
Bponding  to  the  interspaces  between  them  and  representing,  no 
doabt,  the  radiating  grooves  of  the  carapace  of  the  Aranesd  and 
Pedipalpi,  which  are  known  to  be  the  external  indications  of  the 
points  of  attachment  of  the  dorsal  muscles  uprising  from  the 
eniostemite.  Below  the  lobes  the  edge  of  the  carapace  appears  as 
a  narrow  but  high  ledge  which  apparently  rests  upon  the  coxaa 
of  the  appendages.  The  anterior  portion  of  the  carapace  at  the 
sides  and  in  front  of  the  median  elevation  where  the  first  and  second 
pairs  of  appendages  emerge  is  unfortunately  somewhat  crushed, 
and  the  exact  details  of  its  structure  are  difficult  to  trace.  It  is 
noticeable,  however,  that  there  is  no  evidence  of  the  presence  of 
a  frontal  sclerite  articulated  to  the  fore  border  of  the  carapace,  such 
as  is  found  in  Cryptoatemma  and  is  alleged  by  Haase  to  be  present 
in  Kreischeria,  Apart  from  the  oval  pits  above  described  I  can 
find  no  trace  of  any  structures  resembling  eyes,  though  it  is 
almost  certain  these  organs  were  present  in  the  living  animal, 
considering  the  size  to  which  it  attained. 

The  sternal  area  of  the  prosoma  is  longer  than  wide,  but  con- 
siderably wider  than  that  of  all  existing  orders  of  terrestrial 
Arachnida  with  the  exception  of  the  Araneae,  Amblypygous  Pedipalpi, 
and  Acari.  As  in  the  Amblypygi  (e.g.  Phrynidj©),  it  was  apparently 
membranous  at  the  sides,  but  is  furnished  mesially  with  an  anterior 
and  a  posterior  sternal  plate.  The  latter  is  short  and  narrow,  and 
in  the  specimen  has  been  displaced  from  the  middle  line  so  as  to 
lie  in  front  of  the  inner  extremity  of  the  coxal  segment  of  the  sixth 
appendage  of  the  left  side.  The  anterior  plate,  on  the  contrary,  has 
been  thrust  over  towards  the  right  side  of  the  specimen.  It  is  much 
broader  and  longer  than  the  metasternite,  and  lies  between,  though 
not  in  contact  with,  the  coxal  segments  of  the  third,  fourth,  and 
fifth  pairs  of  appendages  (i.e.,  the  first,  second,  and  third  walking- 
legs).  It  is  somewhat  deeply  bi-emarginate  laterally,  the  emargina- 
tions  corresponding  to  the  convexly  rounded  proximal  ends  of  the 
coxsd  of  the  fourth  and  fifth  appendages.  Its  anterior  portion  is 
lanceolate,  and  extends  forwards  between  the  coxse  of  the  appendages 
of  the  third  pair  almost  as  far  as  those  of  the  second  pair  or  palpi. 
No  trace  of  a  prosternal  plate  corresponding  to  the  last-mentioned 
appendages  is  discernible. 

With  regard  to  the  structure  and  relations  of  t\i^  W^'i  ^\feTM\ 
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plate  deaoribed  above,  there  is,  I  think,  no  possibility  of  error,  lo 
mearly  defined  is  the  sclerite.    Bat  oonoeming  the  smaller  and 

rsterior  sternal  solerite  there  is  room  for  doubt  Assaming^  « 
have  assumed,  that  it  is  part  of  the  sternal  exoakeleton,  ill 
distinctness  from  the  anterior  plate  may  be  due  to  fraotare  and 
subsequent  displacement.  But  in  the  specimen  before  me,  it 
appears  as  a  forwardly  directed  process  from  the  inner  edge  of  tha 
ooxa  of  the  adjacent  appendage.  Since  no  corresponding  pieoe, 
however,  is  traceable  upon  the  better  preserved  coxa  of  the  opposite 
side,  I  have  felt  justified  in  assuming  that  it  is  not  part  of  the 
appendage,  but  part  of  the  sternal  area. 

Of  the  appendages  of  the  first  pair  {mandihleB^  ehelieerai),  that  of 
the  left-hand  side  only  is  exposed.  From  the  dorsal  aspect  tiaoea  of 
two  segments  are  to  be  seen  projecting  forwards  from  the  anterior 
end  of  the  carapace,  the  proximal  being  noticeably  longer  than  th» 
distal.  From  the  ventral  aspect  there  is  visible  a  skeletal  pieoe  which, 
from  its  position,  appears  to  underlie  the  distal  segment.  It  it 
obliquely  truncated  in  front  and  pointed  behind,  the  pointed  portion 
being  marked  with  a  longitudinal  groove  which  may  represent  the 
divisional  line  between  the  two  prongs  of  a  pinoer.  The  whole 
structure,  however,  is  too  ill-defined  to  allow  of  any  positive  state- 
ment ou  the  question.  So  far  as  an  opinion  can  be  formed,  however, 
it  appears  to  me  evident  that  these  appendages  more  nearly  resembled 
those  of  Opiliones  than  those  of  any  other  order  of  terrestrial 
Arachuida. 

The  appendages  of  the  second  pair  (palpi)  are  remarkably  long 
as  compared  with  those  of  the  Opiliones  Palpatores,  which  in 
a  general  way  they  resemble.  The  femur  is  as  long  as  that  of  the 
third  leg,  and  the  tibia,  which  is  very  slender  and  unspined,  is 
almost  as  long  as  the  femur  and  twice  as  long  as  the  slender  tarsus, 
which  bears  a  single  claw.  The  joint  between  the  patella  and  tibia 
is  indistinctly  defined.  The  basal  segments  are  crushed,  but  they 
appear  to  meet  in  the  middle  line  in  front  of  the  sternal  area  and 
to  be  furnished  with  a  large  forwardly  directed  maxillary  lobe. 

In  the  remaining  appendages  (the  four  pairs  of  legs)  the  ooxsb  are 
arranged  at  the  sides  of  the  sternal  area,  exhibiting  a  slightly  radial 
disposition.  Judging  by  the  narrow  spaces  separating  the  cox»  on 
each  side  from  one  another,  these  segments  were  freely  movable, 
like  those  of  the  Aranese  and  Amblypygous  Pedipalpi.  The  proximal 
ends  of  the  coxad  of  the  first  pair  are  inclined  upon  the  margins  of  the 
lanceolate  anterior  end  of  the  sternum. 

Those  of  the  fourth  pair  are  considerably  larger  than  the  others, 
diverge  from  each  other  at  an  angle  of  90°,  and  almost  meet  in  the 
middle  line  behind  the  sternal  area.  Across  the  proximal  end  of 
each  and  over  the  narrow  triangular  space  between  them  runs 
a  distinct,  apparently  granular  ridge,  the  significance  of  which  I  am 
unable  to  interpret. 

So  far  as  the  rest  of  the  segments  are  concerned,  it  is  regrettable 
that  the  tarsus  and  protarsus  are  preserved  only  in  one  instanoOr 
namely,  in  the  first  leg  of  the  left  side.    The  segments  are  8ubeqn>l 
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in  lengthy  and  the  tarsaB,  whioh  ib  attenuated  and  unjointed,  is 
tipped  with  a  single  claw.  The  tibia  also  of  this  appendage  is 
fiontly  indicated ;  and  a  large  part,  perhaps  the  whole  of  this 
segment,  is  presenred  on  the  third  leg  of  the  right  side  and  the 
fourth  of  the  left  side.  In  all  oases  it  appears  to  be  a  relatively 
•tout  and  short  segment,  but  little,  if  at  all,  exceeding  the  patella 
in  length.  The  patella  of  the  fourth  leg  is  about  half  as  long  as 
the  femur;  that  of  the  other  legs,  rather  more  than  half.  The 
femora  of  the  first,  seoond,  and  third  pairs  are  shorter  than  the 
carapace ;  that  of  the  fourth,  whioh  is  lightly  concave  on  its  post- 
axial  side,  longer  than  the  carapace.  The  trochanters  of  all  the 
legs,  like  those  of  the  palpi,  are  well  defined  on  the  ventral  side. 
They  are  large  segments,  coostrioted  in  their  basal  half,  and  evidently 
eapable  of  very  free  movement  upon  the  cox89.  The  legs  pro- 
gressively increase  in  length  from  the  first  to  the  fourth  pairs. 
Their  dorsal  surface  is  granular,  pitted,  and  frequently  longitudinally 
grooved. 

The  opiathoaoma  (abdomen)  anteriorly  equals  the  prosoma  in 
width.  It  expands  posteriorly  towards  the  fifth  or  sixth  somite, 
18  widely  rounded  along  its  hinder  border,  and  at  its  greatest  width 
is  almost  as  broad  as  long.  The  lateral  portions  of  the  terga 
are  expanded  into  transversely  suboblong,  closely  fitting  laminaa, 
separated  by  an  apparently  membranous  joint  from  the  main 
central  portion  of  the  segment.  The  posterior  border  of  the  terga 
in  the  hinder  half  of  the  dorsal  surface  becomes  gradually  more 
and  more  recurved  from  before  backwards,  the  recurvature  of  the 
penultimate  tergum  being  so  great  that  the  posterior  edges  of 
its  lateral  plates  lie  nearly  parallel  to  the  long  axis  of  the 
opisthosoma.  The  terga  are  covered  with  coarse  granules  and 
tubercles.  Apart  from  the  granules  and  less  conspicuous  tubercles, 
each  tergum  is  typically  furnished  along  its  posterior  border  with 
a  transverse  row  of  six  large  tubercles,  four  on  the  central  part 
of  the  tergum  and  one  on  each  of  the  lateral  plates.  Of  the  former, 
two  are  close  to  the  middle  line,  the  other  close  to  the  joint  of  the 
lateral  plate.  In  front  of  the  two  central  tubercles  there  is  a  pair 
of  about  half  their  diameter  which  meet  in  the  middle  line,  and 
on  the  posterior  border  between  the  two  centrals  a  much  smaller 
tubercle  is  present. 

As  was  stated  in  the  original  diagnosis,  nine  somites,  defined  by 
transverse  grooves,  are  traceable  on  the  dorsal  side.  The  lateral 
borders  of  the  first  are  ill-defined,  and  of  the  second  also  on  the 
right-hand  side,  owing  apparently,  in  part  at  least,  to  the  up-pushing 
of  the  coxa  of  the  sixth  appendage.  The  first,  however,  although 
a  little  longer,  seems  to  be  narrower  than  the  second,  and  shows 
no  evidence  of  the  presence  of  lateral  larainsd.  The  central  and 
lateral  tubercles  of  its  median  portion  are  normally  developed. 

The  second  tergal  plate  exhibits  on  the  left-hand  side  a  fully 
formed  lateral  lamina,  which  apparently  projects  forwards  on  each 
side  of  the  first  towards  the  posterior  angles  of  the  carapace.  The 
tubercle  on  the  posterior  angle  of  this  lamina  corresponds  exactly 
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with  that  on  the  following  terga,  but  the  remaining  lirp 
tubercles  characteristic  of  the  laminad  and  of  the  central  portioa 
of  these  segments  are  almost  undeveloped  on  the  second.  A  mediia 
pair  a  little  larger  than  the  rest  that  stud  its  surface,  and  one  on 
the  left-hand  side,  are  all  that  remain  to  represent  the  prinoipil 
tubercles.  The  posterior  border  of  the  plate,  moreoTer,  thoagh 
marked  by  a  series  of  granules,  is  less  well  defined  and  more  sinnooi 
than  that  of  the  other  terga.  An  examination  of  the  plate,  in  hdt, 
forcibly  suggests  that  it  is  in  process  of  fusion  with  that  of  the 
third  somite.  Indeed,  were  it  not  for  the  distinctness  of  the  latertl 
lamina  on  the  left-hand  side,  it  might  be  interpreted  as  the  anterior 
portion  of  the  latter  somite.  This  interpretation,  howeyer,  letTM 
unexplained  the  distinctness  of  the  lamina  in  question,  and  of  the 
transverse  groove  that  is  continuous  with  its  posterior  angle,  and 
traverses  the  dorsal  surface  from  side  to  side  in  a  direction  panllel 
with  that  of  the  recognized  tergal  solerites ;  also  it  carries  with 
it  the  conclusion  that  the  second  tergum  is  of  exceptional  tOMib, 
namely,  three  times  as  long  as  the  first  and  twice  as  long  as 
the  third. 

On  the  whole  it  appears  to  me  that  the  view  here  adopted,  that 
nine  tergal  plates  are  present  on  the  upper  side  of  the  opiathosomii 
and  that  the  second  is  reduced  in  size  and  modified  by  the  sup- 
pression of  its  large  tubercles,  possibly  also  by  partial  fusion  wiA 
the  third,  is  more  in  keeping  with  the  facts  exhibited  than  the 
alternative  hypothesis  that  has  been  already  discussed. 

This  view  of  the  existence  of  nine  visible  terga  on  the  dorsal  side 
is  opposed  to  that  of  Haase,  Stiir,  and  Ammon,  who  recognize  only 
eight  such  plates  in  certain  allied  Carboniferous  Arachnids  they  have 
examined.  In  the  case  of  Eophrynus  salmi,  Stur  declares  the  dorsal 
side  to  be  divided  by  seven  sulci  into  eight  plates.  His  drawing, 
however,  of  the  anterior  portion  of  the  opisthosoma  in  his  species  is 
by  no  means  conclusive  on  this  point.  In  the  first  place,  there  is 
a  want  of  definition  about  this  area,  due,  perhaps,  to  the  bad  state 
of  preservation  of  the  fossil ;  in  the  second  place,  there  is  obvionsly 
space  enough  between  what  are  described  as  the  first  and  second 
terga  for  the  presence  of  another  plate ;  in  the  third  place,  on  the 
left-hand  side  nine  large  segmentally  arranged  tubercles  are  repre- 
sented, whereas,  if  only  eight  terga  are  present,  only  eight  tubercles 
should  be  shown. 

So,  too,  with  Anthracomartus  palatinus  of  Ammon.^  Eight  tergal 
plates  are  described.  The  first  is  represented  as  a  short  plate,  as 
wide  as  the  carapace,  laterally  attenuated,  without  laminae,  and 
fitting  into  the  emarginate  anterior  border  of  the  second.  The  latter 
is  large,  and  its  laminaB  extend  forwards  on  each  side  of  the  first, 
almost  reaching  the  posterior  angles  of  the  carapace ;  but  it  is  most 
clearly  marked  with  a  transverse  and  procurved  sulcus,  defining  an 
area  of  about  the  same  width  and  nearly  the  same  size  and  shape 
as  the  first  tergal  plate.     This,  I  suspect,  represents  the  genuine 

'  Geogn.  Jahrcsf.,  1900,  pp.  1-4,  figs.  1-3. 
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seoond  tergal  plate,  perhaps  partially  or  completely  fused  with  the 
third.  If  this  be  so,  there  will  be  nine  tergal  solerites  visible  on 
the  opper  side  of  the  opisthosoma,  at  all  events  in  this  speoies  of 
AnihraeomartUB. 

Haase's'  figare  of  the  segmentation  of  the  dorsal  side  of  the 
opisthosoma  of  A.  vdlkdianua  is  open  to  the  same  interpretation. 
A  distinoty  though  short  and  narrow  plate  is  represented  between 
the  posterior  border  of  the  prosoma  and  the  lightly  emarginate 
anterior  border  of  what  he  regarded  as  the  first  tergite  of  the 
opisthosoma.  If  this  hitherto  disregarded  sclerite  be  pounted  as 
the  first,  the  opisthosoma  of  the  specimen  in  question  presents  nine 
Tisible  terga  when  regarded  from  above.  This  view  of  the  matter 
leoonciles  certain  differences  in  the  structure  of  the  anterior  segments 
of  the  opisthosoma  in  A,  vOlkelianua  and  A.  palaUnus,  which  the 
older  hypothesis  left  unexplained. 

In  the  case  of  JTrettfcAma,  again,  Haase  and  Geinitz  depict  and 
desoribe  eight  terga,  and  there  are  only  eight  rows  of  tubercles. 
But  between  the  posterior  border  of  the  carapace  and  what  is 
regarded  as  the  first  tergum  a  narrow  sinuous  area  is  figured  which 
may  be  the  tergum  of  the  first  genuine  somite.  Its  size  and  lateral 
attenuation  certainly  suggest  the  first  tergite  of  Anthraeomartm 
palatinus ;  and  it  further  resembles  the  first  plate  in  Eophrynus 
prestvicii  in  being  embraced  at  the  sides  by  the  lateral  laminae  of  the 
seoond,  which  are  directed  obliquely  forwards  and  outwards.  If  this 
theory  be  adopted  the  differences  between  the  first  and  second  terga 
in  Kreiseheria  and  Eophrynus  prestvicii  are  very  considerable,  for  in 
the  latter  it  is  the  second  that  is  in  process  of  obliteration  and  has 
become  modified  by  the  suppression  of  its  tubercles,  the  first 
remaining  normal  in  these  particulars,  while  in  Kreiseheria  the 
converse  holds. 

Another  view  of  Kreiseheria,  however,  may  be  entertained.  The 
tergum  that  Haase  regards  as  the  seoond  is  much  larger  than  those 
which  he  counted  as  the  first  and  third,  and  it  is  possible  that  it 
represents  two  terga,  namely,  the  second  and  third  entirely  fused,  the 
process  of  fusion  that  is  indicated  in  E.  prestvieii  having  been  carried 
to  its  completion  in  Kreiseheria.  This  supposition  gains  some 
support  from  what  is  presented  in  the  allied  Arachnid  Brachypyge 
earbonis,  where  the  seoond  tergal  plate  is  also  of  large  size  and 
may  represent  the  dorsal  elements  of  the  second  and  third,  there 
being  only  eight  terga  traceable  on  the  upper  side  of  the  fossil. 
There  are  reasons,  too,  for  thinkii)g  that  the  first  tergite  also, 
although  clearly  enough  defined,  is  fused  to  the  second  large 
plate  in  the  form  just  mentioned. 

These  doubtful  points  will  no  doubt  be  settled  by  a  re-examination 
of  the  fossils  in  question.  In  any  case  there  appears  to  me  to  be 
no  escape  from  the  conclusion  that  nine  tergal  plates  are  visible 
on  the  upper  side  of  the  opisthosoma  in  Eophrynus  prestvicii.  As 
is  explained  below,  the  first  of  these  has  apparently  no  sternal 

*  Zeitschr.  deutsch.  geol.  Ge^.,  vol,  \\u  ^\^^0V 
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equivalent  on  the  ventral  side.  It  probably  therefore  repremti 
the  tergam  of  the  pregenital  somite,  and  is  thus  comparable  to  tho 
first  tergite  of  the  opisthosoma  in  the  Pseadosoorpiones  and  PedipalpL 
The  second  then  will  be  the  tergal  plate  of  the  genital  somite,  lik» 
that  of  the  two  orders  just  named. 

The  smaller  size  of  these  two  terga  as  compared  with  the  third, 
both  in  Eophrynua  pre$toicii  and  Anthraeomartua  v6lkeUanu$  and 
palattnuSf  reoalls  what  is  met  with  in  the  Pedipalpi,  where  ako 
the  anterior  border  of  the  seoond  is  emarginate  for  tiie  reception 
of  the  first.^ 

The  third,  fourth,  fifth,  sixth,  and  seventh  terga  are,  apart  from 
their  increasing  recurvature,  similar  in  form  and  straotare,  exoept 
that  the  median  tubercles  of  the  third  are  more  coalesced  and  fora 
a  slightly  larger  and  higher  cluster.  The  eighth  also  is  like  those 
that  precede  it,  except  that  the  posterior  lateral  angle  is  produoed 
into  a  spiniform  process.  A  similar  process  is  present  upon  the 
marginal  lamina  of  the  ninth.  The  central  area  of  this  plate^ 
however,  which  is  relatively  narrow  and  compressed,  is  furnished  with 
only  two  tubercles,  representing  the  lateral  pair  of  the  four  observaUe 
upon  the  preceding  terga.  Moreover,  the  tergnm  of  the  ninth 
somite  is  continuous  posteriorly  with  a  quadrate  plate  oooapying 
the  interspace  between  the  marginal  plates  of  the  somite.  Sinoe 
there  is  no  segmental  line  between  this  plate  and  the  tergam,  the 
former  may  be  regarded  as  an  expansion  of  the  latter.  In  this  esse 
the  ninth  somite  dififers  from  the  rest  in  being  furnished  with 
a  median  as  well  as  two  lateral  expansions.  This  was  the  view 
adopted  by  Haase  with  regard  to  Kreischeria  wiedei  and  Anthracih 
martus  volkelianuSy  and  by  Ammon  in  connection  with  AntkraeO' 
martus  pnlatinus.  Both  these  authors,  however,  were  in  error, 
in  my  opinion,  in  looking  upon  the  somite  in  question  as  the  last 
abdominal  somite.  For  in  the  figures  they  have  published  of 
A,  vdlkelinnna  and  A,  palatinus  the  lateral  expansions  arising  from 
the  penultimate,  their  eighth,  tergum  are  shown  to  be  continuous  on 
the  ventral  side,  with  a  sternal  area  behind  which  at  least  one 
complete  somite  is  represented.  The  same  feature  is  exhibited  in 
the  figure  of  the  ventral  side  of  the  abdomen  of  an  Arachnid 
referred  by  Howard  <fe  Thomas  to  Braehypyge  carbonts.  It  is 
also  very  manifest  in  the  cast  of  Eophrymts  prestvidi  now  under 
discussion.  Moreover,  it  appears  to  me  to  be  an  open  question 
whether  the  terminal  median  lamina  that  intervenes  between  the 
lateral  lamina)  of  the  ninth  is  an  expansion  of  the  tergum  of  that 
somite  or  of  the  tenth  (the  preanal)  somite.  When  the  opisthosoma 
of  JSophrynus  is  viewed  from  the  underside,  the  posterior  median 

'  Since  the  pregenital  somite  is  of  inconstant  occurrence  within  the  class  Arachni<b, 
])ersistinj7  in  some  orders  (e.g.,  the  Pedipalpi.  Palpigradi,  and  Pseudoscorpionn:)  and 
obliterated  in  others  (e.g.,  the  Scorpiones,  Xiphosurip,  and  Solifugtc),  I  adopt  tin 
suggesticm  of  llay  Lankestcr  ('*  Arachnida*'  in  Encycl.  Brit.,  Suppl.,  1902,  p.  324) 
and  regard  it  as  a  Hupcmumerary  somite,  counting  the  genital  somite  as  the  first 
somite  of  the  opisthosoma.  The  annexed  figures  [see  pt.  ii]  are  numbered  in  accord- 
ance with  this  view  of  the  matter.  This  fact  must  be  borne  in  mind  in  compaiio? 
the  figures  and  description. 
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Amina  is  seen  to  extend  downwards  and  forwards  to  the  anal 
plate  and  to  be  continnoas  on  each  side  with  the  cresoentio  sternal 
sclerite  of  the  tenth  somite,  which  encircles  the  anal  plate  and  is 
merely  separated  from  the  posterior  lamina  by  a  shallow  groove 
on  each  side. 

Here,  then,  three  questions  offer  themselves  for  decision  : — 
Does  the  cresoentio  sternal  plate  of  the  tenth  somite  belong  to 
the  somite  of  which  the  anal  plate  is  the  tergal  representative? 
Or  is  the  tergal  region  of  the  tenth  to  be  found  in  a  part  or 
the  whole  of  the  area  that  lies  behind  (morphologically  above) 
the  anal  plate?  And  is  the  posterior  median  lamina  an  extension 
of  the  tergal  region  of  the  tenth  or  of  the  ninth  somite  ?  If  an 
affirmative  answer  be  given  to  the  first  question,  the  number  of 
somites  of  the  opisthosoma  will  be  fixed  at  ten.  If  the  second 
question  be  answered  in  the  affirmative,  the  number  in  question 
will  be  eleven,  the  anal  plate  representing  the  dorsal  sclerite  of 
a  somite  without  sternal  element.  With  regard  to  the  third 
qnestion,  the  absence  of  all  divisional  line  on  the  dorsal  side 
between  the  tergum  of  the  eighth  somite  and  the  posterior  median 
lamina  in  JSaphrynua  prestvicii,  Kreiseheria  toiedei,  and  AnthracomarttiB 
96lkelianu8  points  to  the  correctness  of  Haase's  view  that  the 
lamina  belongs  to  the  last  somite  visible  on  the  dorsal  side. 
Again,  with  regard  to  the  second  question,  Haase's  figure  of 
the  ventral  surface  of  the  posterior  end  of  the  opisthosoma  of 
A.  vdlkelianus,  and  that  of  the  same  region  in  Eophrynus  (Brachypyge) 
earbonis  of  Howard  &  Thomas,  attest  the  presence  of  a  distinct 
annular  somite,  with  sternal,  tergal,  and  lateral  regions  in  front  of  the 
anal  plate.  In  Eophrynus  presivicii  this  same  somite  is  recognizable, 
although  its  tergal  area,  lying  behind  (morphologically  above)  the 
anal  plate,  is  very  narrow,  much  narrower  indeed  than  the  corre- 
sponding area  as  represented  in  Anthracomartus  volkelianua.  This 
somite  in  Eophrynus  I  count  as  the  tenth.  The  anal  plate  then 
represents  the  eleventh.  This  plate  has  the  form  of  a  transversely 
oval  tubercle,  and  in  one  of  the  casts  is  marked  by  an  incomplete 
transverse  groove  which  suggests  the  possibility  of  its  consisting 
of  distinct  sternal  and  tergal  elements.  If  this  be  the  case,  the  anal 
somite  will  resemble  that  of  the  Amblypygous  Pedipalpi,  rather 
than  that  of  the  Cyphophthalmous  Opiliones.  In  other  respects  the 
segmentation  of  the  posterior  end  of  the  opisthosoma  closely  resembles 
that  of  the  last-mentioned  group  (e.g.  of  Stylocellm),  where  the  last 
tergal  plate,  the  eighth,  visible  on  tho  dorsal  side,  overlaps  the  ninth ; 
the  latter  forms  a  narrow  ring  round  the  tenth,  of  which  the  tergal 
element  alone  persists  as  the  anal  plate  or  valve,  its  sternal  equivalent 
having  apparently  disappeared. 

I  can  find  only  nine  sternal  plates  as  compared  with  the  eleven 
tergal  plates.  The  discrepancy  may  be  accounted  for  by  the  dis- 
appearance of  the  sterna  of  the  eleventh  or  anal  somite,  and  of  the 
first,  which  has  probably  atrophied  in  connection  with  the  enlarge- 
ment and  mesiad  approximation  of  the  coxaa  of  the  last  pair  of 
appendages,  and  is  no  doubt  represented  by  the  narrow  ar^^  b^^^^^xsL 
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these  segments.  Henoe  the  first  free  sternal  plate  oonesponds  to 
the  second  tergal.  The  sternal  plates  are  praotioally  smooth  hot 
for  the  presence  of  a  pair  of  tubercles  on  each  side  of  those  lying 
between  and  including  the  fourth  and  eighth.  The  innermost  d 
these  tubercles  on  each  stemite  are  widely  separated  from  tfas 
middle  line.  Beyond  the  external  tubercles  on  the  foortht  fifili« 
and  sixth  sterna  there  is  on  each  side  a  oonspicuoas  apstanding 
ridge,  representing  perhaps  the  lateral  margins  of  the  pktea 
Beyond  this  crest  the  lateral  area  of  the  somite  slopes  upwards  to 
the  margin  of  the  lateral  tergal  lamina.  It  is  noticeable  that  tfas 
posterior  border  of  the  fourth,  fifth,  sixth,  and  seventh  is  elevated, 
as  is  the  case  with  the  sterna  in  many  Opiliones. 

The  posterior  border  of  the  third  sternum  is  sharply  defined, 
forming  a  pair  of  slightly  arcuate  crests  stretching  eadi  from  netr 
the  middle  line  to  the  lateral  border.  The  med ian  portion  of  this  plate 
also  presents  a  distinct  and  wide  pit-like  depression  whioh  evidently 
underlies  and  apparently  has  a  direct  connection,  possibly  in  the 
way  of  muscular  attachments,  with  the  tubercular  elevation  on 
the  third  tergal  plate.  Since  the  lateral  portions  of  the  posterior 
border  of  the  third  sternum  are  more  decidedly  elevated  and  arcotte 
than  those  of  the  preceding  or  succeeding  sterna,  it  is  possible  that 
the  slit  on  each  side  they  overlie  represents  the  stigma  of  a  respiratory 
organ.  I  can  find  no  other  structure  on  the  sternal  surface  of  any 
of  the  somites  that  suggests  the  stigma  either  of  a  tracheal  tube 
or  a  pulmonary  sac. 

In  front  of  the  sternum  of  the  third  somite  two  sterna  are, 
I  think,  traceable.  The  anterior  of  these,  which  probably  belongs 
to  the  genital  somite,  is  triangular  in  form,  and  projects  forwards 
between  the  coxas  of  the  appendages  of  the  last  pair.  Its 
posterior  border  is  somewhat  irregular,  but  shows  a  distinct  thoogh 
small  median  emargination.  The  second  sternum  is  narrow.  Its 
posterior  border  is  sharply  defined  in  the  middle  line,  and  exhibits 
a  pair  of  lobate  sclerites  exactly  similar  in  size  and  position  to  those 
on  the  second  sternal  plate  of  some  of  the  Amblypygous  PedipalpL 
There  seem  to  be  no  reasons  for  thinking  that  the  genital  orifice 
was  situated  in  front  of  the  first  sternal  plate  as  it  is  in  tbe 
Opiliones.  Presumably  it  opened  behind  it  as  in  the  Pseudoscorpiones, 
Pedipalpi,  etc. 

The  type  of  Eophrynns  prestvtcii  gives  the  following  measurements 
in  millimetres  : — Total  length,  27;  length  of  carapace,  8 ;  its  posterior 
width,  9;  length  of  its  median  elevated  area,  7;  posterior  width  of 
latter,  4*5 ;  length  of  opisthosoma,  19 ;  its  greatest  width  (approx.), 
17 ;  length  of  its  sternal  area  from  anterior  end  of  first  stemite  to 
posterior  end  of  anal  tubercle,  IG  ;  length  of  coxa  of  fourth  leg  5*5. 
trochanter  4,  femur  9*5,  patella  5 ;  of  same  segments  of  third 
leg,  4-5,  3,  6,  3. 

{To  be  continued  in  our  next  Number.) 
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ni. — ^Thc  oooubrbnob  of  Mabsupitbs  in  Flints  on  ths  Haldon 

Hills. 

By  A.  J.  Jukbs-Bbowns,  B.A.,  F.G.S. 

WHILE  ezamining  recently  a  coUeotion  of  speoimenB  from  the 
flint-gravel  of  the  Haldon  Hills  in  the  Museam  of  the  Torqaay 
Natural  History  Society,  I  discovered  among  them  four  containing 
oasts  of  plates  of  MatBupites  testudinarius.  Moreover,  in  reply  to 
enquiries.  Professor  Glayden,  of  Exeter,  informs  me  that  the  Albert 
Memorial  Museum  there  possesses  five  such  plates,  and  that  one  was 
found  by  Mr.  F.  J.  Collins,  of  Exeter,  about  three  years  ago,  so  that 
the  fossil  appears  to  be  not  uncommon  in  the  Haldon  flints,  and 
consequently  it  seems  worth  while  putting  the  fact  of  its  occurrence 
on  record,  with  some  of  the  inferences  that  may  be  drawn  from  it. 

The  casts  are  in  pale  grey  flint,  and  it  is  somewhat  remarkable 
that  they  show  a  strongly  marked  arrangement  of  ridges  corre- 
sponding with  those  on  the  more  ornate  varieties  of  M,  testudinaritiB. 
As  the  inner  surface  of  all  plates  of  Maraupitea  is  smooth,  I  conclude 
that  the  plates  embedded  in  flint  were  partially  silicified,  but  even 
then  it  is  not  easy  to  understand  the  persistence  of  the  ornament, 
unless  this  is  structural  and  not  merely  an  external  ribbing. 

The  coarse  gravel  which  caps  the  Haldon  Hills  is  now  believed 
to  be  of  Eocene  age,  and  Mr.  C.  Beid  has  shown  that  the  travel  of 
the  stones  composing  these  Bagshot  gravels  has  been  from  west  to 
east.  The  flints,  therefore,  may  be  accepted  as  having  been  derived 
from  masses  of  Chalk,  which  then  existed  at  a  higher  level  than  the 
plateau  which  now  forms  the  summit  of  Oreat  Haldon. 

The  existence  of  Marsupitea  in  the  Haldon  flints  is  interesting, 
because  it  testifies  to  the  former  extension  of  that  zone  of  the 
Chalk  which  alone  yields  this  peculiar  genus  of  Crinoidea.  Dr.  A.  W. 
Bowe  has  shown  that  the  zone  of  Maraupttea  in  the  South  of 
England  always  consists  of  two  bands  or  sub-zones,  the  lower 
characterized  by  Uintacrinua  and  the  upper  by  Maraupttea,  and 
further,  that  plates  of  the  latter  genus  very  rarely  occur  in  the  lower 
band,  being  almost  restricted  to  the  upper  band. 

No  Chalk  now  exists  on  Haldon,  and  the  nearest  outlier  of  Upper 
Chalk  is  at  Beer  Head,  a  distance  of  about  18  miles,  while  the 
nearest  outcrop  of  the  zone  of  Maraupites  is  a  little  west  of 
Dorchester,  about  48  miles  from  the  Haldon  Hills.  The  highest 
zone  now  remaining  in  Devonshire  is  that  of  Micraaier  corteatudin- 
arium  (near  Beer),  but  the  fossils  found  in  the  overlying  flint-gravel 
testify  to  the  former  presence  of  the  zone  of  M.  coranguinum,  and 
it  has  always  been  tacitly  assumed  that  the  higher  zones  of  the 
Chalk  were  also  formed  over  Devon  and  other  western  counties. 
We  have  now  positive  evidence  of  the  western  extension  of  the  zone 
of  Maraupttea,  but  at  present  there  is  no  actual  evidence  of  still 
higher  zones. 

So  far  as  I  can  ascertain,  no  remains  of  Belemnites  have  been 
found  in  the  Haldon  flints.  Professor  Clayden  has  kindly  made 
enquiries  for  me  at  Exeter,  and  has  searched  t\iiou^\x  \\i^  c«^\ft^^I\W!L 
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in  the  Albert  Museum,  but  has  not  found  any  traoe  of  BelemnitM 
or  of  fossils  characteristic  of  the  zones  of  Aciinocamax  qmainM 
or  Bdemnitella  mueronata.  Of  oourse  this  is  negatiye  evideoo^ 
but  where  Belemnitella  is  oommon  in  Chalk,  as  near  Norwich,  otiti 
of  its  alveolar  cavity  are  oommon  in  the  flint-gravels,  and  one  wooU 
expect  the  remains  of  this  fossil  to  occur  in  the  Ehldon  gravel 
if  the  zone  of  Bel,  mucronaia  had  been  under  erosion  in  Devonahin 
during  the  time  of  the  Bagshot  Beds.  It  should,  however,  bo 
remembered  that  even  if  no  fossils  belonging  to  higher  zones  than 
that  of  Marswpttes  should  ever  be  found  on  Haldon,  their  absenoe 
will  not  mean  more  than  the  absence  of  such  zones  within  the  am 
at  the  time  when  the  Bagshot  Beds  were  formed.  It  will  not  provi 
that  the  higher  zones  never  extended  into  Devonshire,  but  simply 
that  they  were  destroyed  during  the  upheaval  of  the  Chalk  and 
before  the  formation  of  the  Bagshot  Beds. 

The  occurrence  of  the  plates  of  MarsupiUB  does,  however,  enable 
us  to  form  an  estimate  of  the  total  thickness  of  Chalk  which  may 
have  existed  in  the  neighbourhood  of  what  are  now  the  Haldon 
Hills  when  the  Bagshot  gravels  were  being  accumulated.  The 
Lower  Chalk  would  be  represented  by  only  a  few  feet  of  calcareoni 
sandstone,  as  on  the  Devon  coast,  and  may  consequently  be  negleoted ; 
the  Middle  Chalk  is  about  100  feet  thick  at  Beer,  and  the  mean 
thickness  of  the  zone  of  Holaater  planus  in  Devon  is  about  40  feet 
To  get  an  estimate  of  the  thickness  of  the  zones  of  Mieraiter 
eortestudinartum  and  M.  coranguinum  we  must  go  to  Dorset,  where 
the  mean  of  several  measurements  gives  80  feet  for  the  former  and 
200  feet  for  the  latter.^  Finally,  the  thickness  of  the  zone  of 
MarBupites  was  found  to  be  111  feet  near  White  Nothe,  and  ManupUt 
are  only  found  in  the  upper  30  feet ;  if  this  depth  was  maintained 
to  the   westward,  the  total   thickness  of  Chalk  under  erosion  in 

Devonshire  would  be  as  follows  : — 

feet. 

Zone  of  Maraupite8  testudinariua Ill 

,,      Micraster  coranguinum    ...         ...         ...         ...  200 

y^      Mier,  cortestttdinarium    ...         80 

„      Solaster  planus 40 

Middle  Chalk          100 

We  may  therefore  safely  assume  that  the  Haldon  gravels  represent 
the  riddlings  of  about  500  feet  of  Chalk. 

IV. — On  a  Cause  of  Biveb  Curves. 

By  C.  Callaway,  D.Sc.,  F.G.S. 

IN  recent  work  on  the  laws  of  river-dynamics  an  important  part 
has  been  taken  by  members  of  the  Cotteswold  Naturalists'  Field 
Club.  Dr.  T.  S.  Ellis,'  in  1882,  announced  the  suggestive  fact  that 
the   course  of  all   the  eastern   tributaries  of  the  Severn   between 

»  See  Dr.  A.  W.  Rowe  on  *'  The  Zones  of  the  White  Chalk  of  Dorset, "  in  Proe. 
Geol.  A880C.,  1901,  vol.  xvii,  p.  11. 

2  **  On  some  Features  in  the  Formation  of  the  Severn  Valley."  Read  before  the 
School  of  Science  Philosophical  Society,  Gloucester.  The  geological  world  miy 
perhaps  be  excused  for  overlooking  the  publications  of  this  Society. 
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Berkeley  and  Tewkesbury  was  directed  obliqaely  «p  ihe  yalley, 
a  disooyery  which  famished  the  key  to  the  relatire  ages  of  the 
Seyern  and  the  Thames. 

Mr.  S.  S.  Backman  also  has  worked  with  suooess  in  the  same  field, 
his  ingenioas  paper  in  the  Osolooioal  Magazine^  for  August  being 
only  one  of  several  contributions  on  river  development.  Some 
important  observations  on  the  curves  of  rivers  have  also  been  made 
by  Dr.  Ellis.'  He  remarks  that  all  the  affluents  on  both  sides  of  the 
Severn  in  the  Oloucester  area  come  in  on  the  convex  side  of  the 
curves,  and  he  notices  that  in  all  the  windings  of  the  Wye  known 
to  him,  "  where  the  river  describes  a  great  curve  round  a  plain,  one 
or  more  tributaries  flow  in  at  the  convexity."  Dr.  Ellis  considers 
that  this  effect  is  due  to  the  tendency  of  the  tributaries  "  to  break 
away  their  banks  on  the  lower  side,  at  their  confluence  with  the 
main  stream,  and  to  join  together."  This  explanation  I  am  unable 
to  accept ;  but  Dr.  Ellis  has  hit  upon  a  truth,  and  it  has  suggested 
to  me  Uie  investigation  of  an  interesting  problem. 

I  have  examined  large  numbers  of  Ordnance  maps  on  the  one-inch 
aoale.     They  are  from  Western  England,  North,  South,  and  Central 
Wales,  the  Lake  District,  the  Highlands  of  Scotland,  and  many  parts 
of  Ireland.     The  result  of  this  inquiry  was  the  induction  that  in  the 
Tast  majority  of  cases,  probably  nine  out  of  ten,  the  affluents  of  the 
riToni  enter  on  the  convex  side  of  the  curves.     This  was  true,  not 
only  of  the  main  streams,  but  of  the  tributaries  of  the  tributaries. 
I  will  give  a  few  examples.     The  Severn  between  Shrewsbury  and 
its  junction  with  the  Fyrnwy  is  about  twelve  miles  in  length  as 
the  crow  flies,  but  probably  nearly  thirty  miles  in  its  actual  course. 
Nineteen  affluents  are  indicated  on  the  one- inch  map.      Of  these 
fifteen  come  in  on  the  convex,  two  just  above  the  convex,  and  two 
on  the  straight,  but  these  are  just  opposite  each  other.     Shrewsbury 
and  Ironbridge  are  about  thirteen  miles  from  each  other.    The  river 
makes  numerous  bends,  generally  in   alluvium.      Ten   tributaries 
enter  on  the  convex,  two  just  above  the  convex,  three  on  the  con- 
cave, and  two  opposite  each  other,  one  on  the  convex,  the  other 
on   the  concave.     Take  the  river  Lug  for  a  dozen  miles   below 
lieominster.     About  eight  affluents  enter  on  the  convex,  one  comes 
in  on  the  concave,  and  two  enter  opposite  to  each  other,  the  larger 
stream  on  the  convex  side.   Between  Monmouth  and  Boss,  a  distance 
of  nine  miles  as  the  crow  flies,  there  are  about  a  dozen  flexures,  with 
ten  tributaries  entering  on  the  convex  or  just  above  it,  and  two  on 
the  concave,  the  concavities  in  the  last  two  cases  being  subordinate 
to  large  convexities.      The  number  of  curves  between   Ross  and 
Hereford   (11    miles)   is  also  very  numerous,  and  all   the   fifteen 
affluents  come  in  on  the  convex,  or  a  little  above  it. 

Turning  to  foreign  countries,  we  discover  the  operation  of  the 
tame  law.  For  example,  most  of  the  tributaries  of  the  Missouri 
^nter  on  the  convex  side  of  the  curves.  Taking  them  from  north  to 
^ath,  we  notice  that  the  rule  is  followed  by  the  Big  Sioux,  the 
Kansas,  the  Mississippi,  the  Ohio,  and  many  others,  while  I  can  find 

*  p.  366.  '  Loc.  cit. 
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▼ery  few  which  oome  in  on  ihe  oonoave.  The  same  prindpk  if 
seen  to  obtain  in  the  Gktnges,  the  IndoB,  the  Po,  the  Danab^  and 
every  other  great  river  system  which  I  have  examined.  It  is  need- 
less for  me  to  multiply  examples,  as  my  statements  can  be  easOy 
tested  by  the  inspection  of  reliable  maps. 

The  coincidences  I  have  pointed  oat  cannot  be  accidental.  They 
clearly  indicate  the  operation  of  some  law.  They  strongly  suggest 
that  the  divergence  of  rivers  in  the  direction  of  their  afflaents  ii 
due  to  the  affluents  themselves.  How  the  divergence  is  produced 
I  will  now  attempt  to  explain. 

Let  us  suppose  that  a  river  is  running  straight  forward,  and 
a  tributary  comes  in  on  one  side  at  right  angles.  After  heavy  rum 
the  affluent  will  bring  down  sediment,  and  will  dischaige  it,  or 
a  part  of  it,  into  the  main  stream.  Under  ordinary  oonditiona, 
a  large  proportion  of  this  sediment  will  be  carried  obliquely  down 
the  river,  and  deposited  on  the  opposite  side,  according  to  the 
law  of  the  parallelogram  of  forces.  Let  AB  (Fig.  1)  be  tha 
river,  and  CD  its  affluent.  Then  let  the  line  ab  represent  the 
force  of  the  river  in  magnitude  and  direction,  and  ed  the  foroe 
of  the  affluent  Then  a  large  part  of  the  sediment  brought  in  by 
OD  will  be  carried  along  the  line  ofr,  and  deposited  at  6.  Some 
of  the  detritus  may  sink  to  the  bottom  before  h  is  reached,  and  some 
of  it  will  probably  be  carried  down  below  h ;  but  there  must  be 
considerable  deposit  at  6,  for  at  that  point  the  lateral  force  cd  will 
be  balanced  by  the  reaction  of  the  bank,  and  the  carrying  power 
of  the  current  will  be  reduced.  Of  course,  the  finer  sediment  will 
be  transported  further  than  the  coarser  particles,  and  h  will  be 
a  short  line  rather  than  a  point.  The  growth  of  this  new  land 
at  h  will  caii8e  a  deflection  of  the  current,  which  will  impinge  upon 
the  opposite  bank  lower  down,  and  will  begin  to  excavate.  A  serial 
of  curves  will  thus  be  initiated  according  to  principles  which  need 
no  explanation  in  these  pages. 


C 


Fig.  1. — Aliiuent  (C  D)  entering  river  (A  B),  and  depositing  sediment  at  h. 

Not  only  will  the  deposit  at  h  grow  by  additions  from  the 
affluent  CD ;  it  will  form  a  barrier  projecting  into  the  stream,  and 
in  the  slack  water  above  it  sediment  from  the  main  river  will|be 
thrown  down. 

According  to  the  explanation  I  have  just  given,  the  normal 
position  of  the  affluent  should  be  a  little  above  the  convex  curve, 
and  this  is  very  frequently  found  to  be  the  case.  But  the  new 
sediment  thrown  down  above  the  projection  formed  at  h  will  cause 
the  projection  to  grow  up-stream,  so  that  in  time  it  will  reach  as 
high  as  the  tributary,  or  even  higher;  and  the  latter  will  enter,  not 
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above  the  oonvexity,  but  in  some  part  of  It  Fig.  2  will  illustrate 
this  point  The  afflaent  CD  enters  the  river  AB  above  the  oonvexitj. 
Bat  the  delta-like  mass  of  land  E  has  grown  ap-stream,  and  the 
broken  lines  represent  the  new  oourse  of  the  river,  with  the  affluent 
entering  it  at  U. 


B'  A 

¥iQ.  2.— Growth  up-stream  of  delta  (E)  formed  by  affluent  C  D,  subeequently  G  jy. 

The  prinoiples  I  have  expounded  are  quite  oousistent  with  the 
M»asional  entrance  of  a  tributary  on  the  concavity  of  a  curve.  This 
Doay  occur  in  several  ways. 

1.  An  affluent  may  originally  have  entered  the  river  on  the 
X)nvex.  Then  a  change  may  take  place  in  the  main  stream  by 
increase  or  decrease  of  slope  or  volume,  so  that  a  new  set  of 
mrvatures  may  be  produced,  the  causes  in  operation  being  powerful 
mough  to  overpower  the  effect  of  the  affluent.  Thus  a  concavity 
nay  take  the  place  of  a  convexity. 

2.  An  affluent  may  enter  on  the  concave  owing  to  its  excessively 
iwift  motion.  This  appears  to  be  the  case  in  the  valley  of  the 
Khone  near  Sion.  According  to  Lord  Avebury,^  the  Borgne  falls 
nto  the  Bhone  at  this  place  with  such  velocity  as  to  drive  it  to  the 
>pposite  side  of  the  valley,  the  affluent  entering  the  Bhone  on  the 
X)ncave  across  an  alluvial  flat.  It  would  seem  that  the  entry  of 
he  tributary  was  originally  so  swift  that  it  struck  the  further  bank 
md  rebounded,  so  as  to  deposit  its  sediment  on  its  own  aide.  The 
px>wth  of  this  delta  would  gradually  force  the  Rhone  to  the  opposite 
lide  of  the  valley. 

3.  Two  affluents  may  enter  a  river  opposite  to  each  other.  The 
)ne  that  entered  with  the  greater  velocity  (up  to  a  certain  point) 
nrould  be  likely  to  come  in  on  the  convex,  for  it  would  have  greater 
power  to  convey  its  sediment  to  .the  opposite  bank,  and  thus  to  draw 
lie  river  to  its  own  side.  The  smaller  tributary  would  of  course 
X)me  in  on  the  concavity. 

4.  The  entry  of  an  affluent  on  the  concave  may  be  due  to 
iie  deposit  of  sediment  at  the  junction  of  the  two  streams.  An 
nteresting  example  of  this  occurs  on  the  Severn,  about  6  miles 
louth-east  of  Shrewsbury.  It  is  shown  in  Fig.  3.  Cound  Brook 
enters  on  the  concave  at  A.  The  last  mile  of  the  course  of 
the  brook  is  through  an  alluvial  flat.  Now  it  appears  highly 
probable  that  at  one  time  the  river  curved  round  into  this  bay, 
18  suggested  by  the  broken  lines ;   otherwise  its  excavation  is  not 

»  **  Scenery  of  England,"  p.  319,  fig.  133. 
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easily  explained,  since  the  affluent  would  not  degrade,  but  depont 
If  this  supposition  is  oorrect,  the  brook  must  tben  bave  entered  ot 
tbe  oonvex  at  B.  Its  current  would  thus  meet  tbe  ourrent  of  ^ 
river  almost  directly,  the  two  opposing  forces  would  cause  paitiil 
equilibrium,  and  detritus  would  be  thrown  down.  As  this  new  laod 
grew,  it  would  push  the  Severn  further  and  further  towards  iti 
present  position.  At  a  late  stage  of  the  process,  it  would  seem  ai 
if  the  opposing  currents  created  the  tongue  of  land  CA,  so  that  thi 
brook  is  forced  to  fall  into  the  river  on  the  concave  at  A. 


tR' 


Fig.  3.— Junction  of  Cound  Brook  with  River  Severn,  showing  change  of  iniall  oa 

the  convex  to  infall  on  the  concave. 

It  is  evident  that  the  effects  produced  at  the  confluence  of  a  river 
and  its  tributary  depend  on  very  varied  conditions.  The  mo«i 
important  of  these  are  the  angle  between  them,  and  their  relative 
magnitude  and  velocity.  It  is  conceivable,  for  example,  that  an 
affluent,  even  one  of  relatively  large  size,  may  fall  into  a  river 
without  giving  rise  to  marked  curvature.  If  the  main  river  ii 
flowing  swiftly,  and  the  affluent  is  sluggish,  the  latter  will  have  too 
little  momentum  to  materially  disturb  the  momentum  of  the  former. 
Part  of  the  sediment  carried  by  the  tributary  would  be  thrown 
down  at  its  junction  with  the  river,  and  the  portion  which  entered 
the  latter  would  be  swept  down  for  a  considerable  distance. 

On  the  other  hand,  if  the  conditions  are  favourable  to  deposit  on 
the  opposite  bank,  an  affluent  will  cause  marked  divergence  of  the 
main  stream.  This  is  well  seen  at  the  confluence  of  the  Severn 
with  the  Tern,  of  the  Wye  with  the  Lug,  of  the  Avon  with  the 
Arrow  below  Stratford,  and  of  the  Trent  with  the  Tame.  Besides 
the  new  deposits  on  the  opposite  bank,  affluents  may  also  create 
islands  in  the  main  river,  as  in  the  Severn  at  its  junction  with  the 
Tern,  and  in  the  Teme  at  the  infall  of  the  Laughern  Brook.  Alney 
Island,  at  Gloucester,  probably  originated  in  this  way.  It  is  about 
two  miles  in  length,  with  an  arm  of  the  Severn  running  down  each 
side  of  it.  The  western  arm  receives  the  river  Lieadon  and  a  smaller 
stream,  while  the  Hatberly  Brook  and  another  affluent  enter  the 
eastern  branch.  The  currents  of  these  tributaries  coming  in  od 
opposites  may  well  have  caused  a  certain  amount  of  dead  water,  and 
consequent  deposit  of  sediment.     A  small  island  formed  in  this  vray 
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would  glow  by  anesting  the  onrrent  of  ihe  Severn,  whether  the  tide 
were  desoendioff  or  asoending. 

I  need  hardly  point  oat  that  my  theory  doee  not  require  an 
affluent  at  every  convex  curve.  If  the  current  of  a  river  ie  once 
deflected,  flexures  may  be  produced  indefinitely,  in  the  manner 
deeoribed  in  textbooks.  Nor  does  my  explanation  apply  to  tidal 
eections  of  rivers,  since  the  alternations  of  onrrent  motion  would 
obviously  produce  eflects  differing  widely  from  those  I  have 
described. 

The  textbooks  tell  us  that  a  series  of  river  curves  may  be 
initiated  by  an  obstruction,  such  as  a  tree  or  a  fall  of  rock,  pro- 
ducing a  deflection  of  the  current  to  the  opposite  bank.  Or  the 
curves  may  be  caused  by  differential  resistance  in  the  materials 
through  which  the  river  is  flowing.  I  have  no  objection  to  these 
explanations.  They  probably  apply  in  some  cases,  but  I  think  they 
are  much  less  important  than  the  theory  I  have  proposed.  They 
liave  been  imagined  rather  than  proved. 

How  far  the  explanation  I  have  offered  will  apply  to  rivers 
which  are  now  running  in  solid  rock  is  a  question  into  which  I  do 
not  here  propose  to  enter. 


y. — Some  Bbmabks  on  the  Atlantis  Problem. 
By  E.  F.  ScHARFP,  Ph.D.,  B.Sc,  F.Z.S.» 

SINCE  the  dawn  of  early  history  the  question  of  the  existence 
of  a  continent  beyond  the  "  pillars  of  Hercules  "  has  occupied 
the  mind  of  man.  Our  very  earliest  records  of  this  mythical  land 
were  derived  from  a  narrative  which  has  been  banded  down  to  us 
by  Plato.  According  to  it,  Solon  is  said  to  have  visited  Sais  in 
Bgypt,  and  there  to  have  heard  from  priests  of  the  ancient  ''Empire 
of  Atlantis  "  and  of  its  overthrow  by  a  convulsion  of  Nature.  This 
Atlantis  was  then  spoken  of  as  a  vast  land  lying  beyond  what  we 
now  call  the  Straits  of  Gibraltar,  and  it  is  supposed  to  have  been 
idhabited  by  a  mighty  race  of  people.  Plato's  story  has  called 
forth  quite  a  flood  of  literature,  not  only  in  ancient  times;  even 
within  the  last  score  of  years  many  pamphlets  and  books  have  been 
published  dealing  with  this  attractive  problem.  Some  authors  have 
Bought  to  discredit  the  veracity  of  Plato's  assertions,  while  several, 
and  among  them  Humboldt  and  Sir  Daniel  Wilson,  were  of  opinion 
that  the  tale  rests  on  some  historic  basis.  Others,  again,  have  utilised 
the  original  story  and  connected  it  with  their  own  ideas  of  a  land- 
bridge  stretching  right  across  the  Atlantic  from  Europe  to  America. 
The  Atlantis  problem,  however,  was  only  raised  to  scientific 
importance  when  modern  research  revealed  the  fact  that  the  living 
as  well  as  the  extinct  flora  and  fauna  of  Europe  have  quite  a  number 
of  types  in  common  with  North  America,  linger  was  the  first  to 
put  forward  the  view,  from  a  purely  scientific  reasoning,  that  the 
Atlantic  Islands,  that  is  to  say,  the  Azores,  Madeira,  and  Canary 
Islands,  formed   part  of  a  land-connection  which  stretched  right 

1  A  paper  read  before  the  British  Association  in  Section  D  (Zoology),  Belfast,  1902. 
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across  the  Atlantic  and  still  preserved  some  of  the  plants  whioh 
invaded  our  Continent  from  the  New  World.  Hear  hailed  tkii 
hypothesis  with  delight,  while  Andrew  Morray  adopted  it  is 
a  somewhat  modified  form.  Edward  Forbes  idso  oooapied  lib 
fertile  mind  with  the  problem,  bat  oould  not  oonvinoe  himaelf  that 
the  vast  land  which  had  evidently  occupied  a  portion  of  the  Atlantio 
had  any  connection  with  America.  Wollaston,  too,  who  had  a  nioit 
intimate  knowledge  of  the  Atlantic  Islands,  strongly  sapported  tks 
view  that  their  fauna  reached  them  across  dry  land. 

Imbued,  however,  with  the  idea  of  the  permanence  of  the  grast 
ocean  basins,  Wallace  vigorously  attacked  one  and  all  of  tbsie 
theories,  and  contended  that  there  was  not  only  no  conneotioB 
between  Europe  and  America  across  the  Atlantic,  but  that  the  fanss 
of  the  Atlantic  Islands  was  derived  from  the  adjoining  continents  of 
Europe  and  Africa  by  winds  and  marine  currents.  The  weight  of 
the  arguments  brought  forward  by  Wallace  silenced  all  critios  for 
a  time,  and  the  influence  of  his  views  is  traceable  in  most  of  the 
more  recent  writings  on  the  subject  But  since  some  leading 
geologists  have  expressed  themselves  against  the  theory  of  the 
permanence  of  the  great  oceim  basins,  the  older  views  of  a  possible 
land-connection  between  Europe  and  the  Atlantic  Islands,  and  also 
between  Europe  and  America,  are  again  discussed.  I  have  therefore 
collected  together  a  number  of  facts  in  the  distribution  of  animalf 
which  had  not  hitherto  been  utilised,  in  order  to  make  a  renewed 
attempt  from  a  zoological  point  of  view  to  solve  the  Atlantis 
problem. 

The  results  of  my  investigations  tend  to  show  that  Madeira  and 
the  Azores  are  the  remains  of  an  ancient  tertiary  area  of  land  whidi 
was  joined  to  Europe,  and  that  it  probably  became  disconnected  in 
Miocene  times.  Since  then  this  land  once  more  became  united  witii 
our  Continent,  and  may  not  have  been  finally  severed  until  the 
Pleistocene  period.  As  regards  the  question  of  a  land-bridge  across 
the  Atlantic,  many  reasons  can  be  given  in  favour  of  such  a  theoiy. 
It  must,  however,  have  occupied  a  position  farther  south  than  the 
land  just  alluded  to.  Uniting  North  Africa  with  Brazil  and  Guiana 
in  early  tertiary  times,  it  probably  subsided  during  the  Miocene 
period,  leaving  only  a  few  isolated  peaks  as  islands  in  the  midst  of 
the  vast  ocean  which  has  since  replaced  it. 

VI. — On  the  Qkological  Structure  of  Ireland. 

By  Professor  Grknville  A.  J.  Cole,  F.G.S.* 

IN  this  illustrated  lecture,  the  more  prominent  phases  of  the 
geological  history  of  Ireland  were  pointed  out,  mainly  as  an 
explanation  of  the  existing  scenic  features  of  the  country.  Probably 
very  little  remains  in  Ireland  of  the  old  Huronian  continent,  unlesi 
portions  of  it  have  appeared  again  in  the  cores  of  Caledonian  folds. 
The  stratified,  but  metamorphosed,  Dalradians  of  the  west  may  be 

^  A  paper  read  before  the  British  Association,  Belfast,  Sept.,  1902,  in  Section  C 
(Geology). 
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GambriaD,  or  older ;  and  ^eiss  is  included  in  the  granifce  of  eastern 
Tyrone,  the  latter  being  probably  of  Caledonian  age.  The  gneiss  of 
the  ancient  moorland  between  Omagh  and  Cookstown  is,  moreover, 
▼ery  possibly  pre-Cambrian.  The  Silurian  sea  must  have  covered 
all  the  Irish  area ;  and  the  subsequent  Caledonian  folding,  with  its 
axes  running  north-east  and  south-west,  marked  out  the  first  distinct 
lines  of  the  existing  country.  The  arches  became  filled  with  molten 
look  as  they  rose,  and  denudation  has  again  and  again  exposed  in 
them  a  core  of  granite.  To  this  folding  we  owe  the  guiding  lines 
of  Donegal,  Sligo,  and  Mayo;  the  axis  of  Newry,  which  reaches 
from  the  sea — and,  indeed,  from  Scotland — down  into  the  midland 
counties;  and,  above  all,  the  long  mass  of  the  Leinster  Chain,  the 
most  important  feature  of  south-eastern  Ireland.  The  granites 
weather  into  round-backed  moorlands ;  the  schistose  foothills  give 
Tise  to  picturesque  ridges  and  ravines  upon  their  flanks.  In  the 
Dublin  area,  between  the  foothills  and  the  sea,  quartzites  and  slates, 
isnally  regarded  as  Cambrian,  have  added  the  prominent  features  of 
Howth,  Bray  Head,  and  the  two  Sugarloaves,  to  an  already  diversified 
landscape. 

The  Old  Bed  Sandstone  lakes  spread  across  the  hollows  of  the 
Oaledonian  continent,  to  be  sucoeeded  by  the  inflow  of  the  Carboni- 
ferous sea.  The  Lower  Carboniferous  beach-deposits  are  now  found 
«n  the  summits  of  west  Irish  mountains,  and  very  little  of  the 
eountry  can  have  escaped  submergence.  The  Heroynian  folding 
produced  the  second  series  of  structural  lines,  assisted  by  the  varying 
resistance  of  the  Old  Bed  Sandstone  and  the  Carboniferous  Limestone 
to  denudation.  The  east-and-west  anticlinal  ridges,  from  the  Atlantic 
to  the  Irish  Channel,  with  intervening  valleys,  where  the  limestone 
is  protected  in  the  synclinals,  repeat  on  a  bold  scale  the  structure  of 
Soutb  Wales  and  Belgium.  The  folds  swung  round  in  the  neigh- 
bourhood of  the  pre-existing  Leinster  Chain ;  and  the  axis  of  the 
Kilkenny  Coalfield,  where  the  Coal-measures  remain  on  a  high 
synclinal,  runs  north-east  and  south-west,  like  its  neighbour  on  the 
east.  The  great  limestone  plain  itself  is  probably  to  be  looked  on  as 
%  vast  shallow  synclinal  of  the  same  epoch,  into  which,  in  later 
periods,  the  Caledonian  and  Hercyniau  ridges  poured  down  their 
detritus. 

Marine  Permian  beds  occur  near  Stewartstown,  south-west  of 
Lough  Neagh,  and  also  in  the  north  of  County  Down.  The 
terrestrial  conditions  of  the  British  Trias  were  continued  into  the 
Irish  area,  but  the  remaining  beds  of  this  period  all  lie  north  of 
Dublin,  and  mostly  owe  their  preservation  to  the  capping  of  Cainozoio 
basalt.  The  Rhadtic  sea  penetrated  as  far  west  as  the  Caledonian 
hills  of  Londonderry,  and  marine  conditions  continued  during  early 
Liassic  times.  An  uplift  then  probably  occurred,  and  the  sea  did 
not  return  till  the  middle  of  the  Cretaceous  period.  The  *  White 
Limestone,'  which  forms  so  distinctive  a  feature  of  the  Antrim  coast, 
represents  the  English  Chalk. 

The  great  feature  of  the  north  is,  however,  due  to  volcanic 
eruptions  of  Eocene  age.     Owing  to  the  imm^iia^  oxvX'^wvxvcv^  ^1 
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basalt  across  the  aplifted  Cretaoous  and  earlier  strata,  the  ooimlMS 
of  Antrim  and  Londonderry  include  high  igneoas  plateaux,  oat  by 
deep  valleys  in  which  the  underlying  rocks  are  seen.  The  Imd- 
scapes  close  around  Belfast  reveal  the  structure  of  the  country  in 
perfection.  In  the  west  of  Ireland,  dykes  of  basalt,  nmniog 
oharacteristically  north-west  and  south-east,  are  so  frequent  as  to 
show  that  the  plateaux  once  prevailed  from  Down  to  the  Atlantio 
coast  Sporadic  eruptions  occurred  even  in  the  Galway  area,  tod 
basalt  fragments  prevail  on  the  sea-floor  between  Ireland  and 
Bockall.  The  granite  of  the  Moume  Mountains  was  intruded  in 
the  same  period  of  unrest,  and  the  pinnacles  and  rooky  walls  of  the 
group  are  a  sign  of  youth  when  compared  with  the  older  granits 
areas  in  Ireland. 

The  existing  surface  of  northern  Ireland  was  determined  by  the 
falling-in  and  dislocation  of  the  volcanic  country  that  onoe  spreid 
northward  to  the  Faroe  Isles.  Lough  Neagh  thus  lies  in  a  shallow 
basin  formed  during  this  epoch  of  subsidence  and  decay.  The  long 
sea-inlets  of  the  north  and  west,  including  Belfast  Lough  and  the 
'  rias '  and  *  fjords '  of  Connemara  and  Kerry,  originated  about  the 
same  time ;  but  Ireland,  now  out  ofif  from  the  lost  continent  on 
the  north-west,  became  joined  on  to  the  growing  continent  of 
Gainozoic  Europe.  The  spread  of  ice  in  glacial  times  is  marked  by 
numerous  hills  of  gravel  and  eskers,  especially  in  the  central  plain, 
where  they  form  green  ridges  rising  from  the  bogland  and  the 
prairie.  The  oscillations  of  level  between  the  glacial  epoch  and  the 
present  day  finally  left  Ireland  cut  off  from  Scotland,  Wales,  and 
England,  with  which  her  fundamental  geological  structure  80 
obviously  connects  her.  It  is  interesting  to  note  that  the  most 
prominent  features  of  her  landscapes  at  the  present  day  depend  on 
structures  impressed  upon  the  area  far  back  in  Palsdozoio  times. 
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Belfast,  Septembeb  IIth,  1902. 

Address  to  the  Geological  Section,  by  Lieut. -General  Chas.  At.iiaxdp 
McMauon,  F.R.S.,  F.G.S.,  President  of  the  Section. 

Bock  Metamorphism. 

AFTER  some  prefatory  remarks,  the  President  said  a  brief 
description  of  a  granite  in  the  Satlej  Valley  of  the  Himalayas 
will,  I  think,  introduce  us  by  a  short  cut  to  the  question  of 
"  contact  metamorphism,"  an  important  branch  of  the  subject  under 
consideration.  The  granite  I  allude  to  is  an  intruder  in  the  nonnsi 
gneissose-granite  of  the  Himalayas,  and  cuts  through  it  at  right 
angles  to  its  foliation.  The  intruder,  which  is  some  yards  wide,  did 
not  rise  through  a  simple  crack  or  fissure,  for  its  passage  upwardi 
was  interrupted  by  a  sheet  of  dark  intrusive  diorite,  older  than 
itself,  which  ran,  roughly  speaking,  parallel  to  the  foliation  of 
the  gneissose-granite.     This  sheet  of  diorite  ofifered  oontiderable 
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xemttanoe  to  the  risisg  granite.  The  granite  zigzagged  baokwards 
and  forwards  aorora  the  diorite  and  ran  along  its  edges  for  fifty 
yards  or  more,  oonverting  it  into  a  mica  trap.  It  then  tore  itself 
away  and  oontinaed  its  upward  oonrse.  The  granite  I  am  describing 
was  in  a  molten  or  fluid  condition  at  the  time  of  its  eruption,  as 
I  hope  to  show  in  my  subsequent  remarks. 

I  may  pause  here,  however,  to  consider  in  passing  what  was  the 
probable  temperature  reached  by  a  granite  such  as  that  above 
described.  The  question  is  one  of  very  great  difficulty,  as  we  know 
so  little  about  the  plutonio  conditions  of  igneous  rocks,  and  can  only 
arrive  at  an  answer  to  our  question  by  indirect  evidence.  The 
melting-point  of  quartz  ranges  from  1425^  to  1450^  0.,  but  the 
fusion-point  of  granite  need  not  necessarily  be  as  high  as  this, 
inasmuch  as  the  presence  of  water  at  high  temperature  materially 
lowers  the  melting  or  solution  point  The  fusion-point  of  the  other 
constituents  of  granite  may  here  be  mentioned  :  that  of  orthoclase 
ranges  from  1164°  to  1168°;  microoline,  1169°;  albite,  1172°; 
augite  and  hornblende,  1188°  to  1200°;  apatite,  1221°.  Zircon, 
which  is  commonly  found  in  granites,  and  is  one  of  the  first  minerals 
to  separate  out  of  the  magma,  is  shown  by  Ralph  Cusack  to  have 
probably  a  melting-point  of  1760° ;  whilst  topaz,  a  not  uncommon 
mineral  in  granite,  is  infusible  up  to  the  meltiog-point  of  platinum, 
namely,  1770°  C. 

If  we  consider,  therefore,  the  melting-points  of  the  mineral 
constituents  of  granite,  we  can  hardly  avoid  the  conclusion  that  for 
the  magma  to  have  attained  perfect  fluidity  it  must  have  reached 
a  temperature  of  at  least  1200°  C.  Vernadsky  has  shown  that 
kyanite  is  transformed  into  sillimanite,  a  well-known  product  of 
oontact-metamorphism,  at  a  temperature  of  1320°  to  1380°.  If 
rocks  in  contact  with  granitic  masses  have  been  raised  to  this 
temperature,  it  follows  that  the  granite  itself  must  have  been  still 
more  heated.  Yernadsky's  observations  have  been  relied  on  by 
Mr.  George  Barrow  in  his  well-known  paper  **  On  an  Intrusion  of 
Muscovite-biotite  Qneiss "  in  the  S.E.  Highlands  of  Scotland  to 
account  for  the  presence  of  sillimanite  in  the  inner  zone  of  meta- 
morphism  between  the  kyanite  schists  and  the  granite,  and  he  con- 
sidered that  the  temperature  attained  by  the  *'  central  masses  of  the 
Highland  rocks  "  was  probably  higher  than  the  figures  indicated  by 
Vernadsky. 

Bearing  all  these  considerations  in  mind,  including  the  influence  of 
water  and  alkali  in  reducing,  and  of  pressure  in  raising,  the  melting- 
point,  I  think  we  may  safely  infer  that  granites,  such  as  the 
Himalayan  granite  alluded  to  above,  must  have  been  raised  at 
plutonio  depth  to  a  temperature  midway  between  red  and  white 
heat,  that  is  to  say,  to  at  least  1200°  C. 

To  return  to  the  granite  of  the  Satlej  Valley  under  consideration, 
I  wish  to  draw  attention  to  its  condition  just  before  crystallisation 
commenced.  A  study  of  the  mineral  beryl  will,  it  seems  to  me, 
throw  light  on  this  point.  Beryl  is  an  important  accessory  mineral 
of  the  granite  under  description.    It  is  clearly  an  original  mineral, 
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and  it  is  material  to  note  that  it  was  the  first  mineral  to  crystillin 
out  of  the  magma  of  the  Satlej  granite.  This  is  shown  bj  MTcnl 
oiroumstanoes. 

In  the  first  plaoe,  the  beryl  preserved  its  perfect  orystaUograpbio 
shape,  showing  that  its  moleoales  daring  the  entire  period  of 
orystallisation  possessed  comparative  freedom  of  motion,  and  wers 
not  interfered  with  or  molested  by  other  solid  minerals.  In  the 
second  place,  all  the  essential  minerals  of  the  gpranite  when  they 
subsequently  crystallised  out  of  the  magma  were  deposited  on  tb 
crystals  of  beryl.  I  have  specimens  of  the  granite  showing  crystals 
of  beryl  enclosed  in  felspar,  in  musoovite,  and  in  quarts. 

The  beryl,  therefore,  having  been  the  first  mineral  to  orystalliss, 
the  examination  of  thin  slices  of  it  under  the  microscope  ought  to 
give  us  a  clue  to  the  condition  of  the  magma  at  the  time  the  beryl 
was  formed.  I  have  made  such  an  examination,  and  I  find  that  the 
beryl  is  crowded  with  liquid  and  gas  cavities,  the  former  containing 
movable  bubbles  and  deposited  crystals  as  well  as  water.  The 
bubbles  are  of  substantial  size  relative  to  the  area  of  the  oaTitieSy 
showing  that  the  water  suffered  considerable  contraction  after  it  was 
sealed  up  in  the  beryl. 

8crope  long  ago  suggested  that  the  fluidity  of  lavas  below  the 
melting-point  was  due  chiefly  to  the  water  they  contained,  and 
attributed  the  liquidity  of  granite  to  the  same  cause.  Scrope,  how- 
ever, in  ascribing  the  mobility  of  an  igneous  rook  to  the  presence  of 
water,  seems  to  have  had  regard  principally  or  wholly  to  its 
mechanical  action  in  furnishing  an  elastic  medium  in  the  interstices 
between  the  crystals  or  grains  of  the  rock.  He  observes  that  a  lava 
consists  "  of  more  or  less  granular  or  crystalline  matter,  containing 
minute  quantities  of  either  red-hot  water,  or  steam  in  a  state  of 
extreme  condensation,  and  consequent  tension,  disseminated  inter- 
stitially  among  the  crystals  or  granules,  so  as  to  communicate 
a  certain  mobility  to  them,  and  an  imperfect  liquidity  to  the  com- 
pound itself,"  and  be  quotes  Scbeerer  and  Delesse,  both  of  whom 
assert  tbat  water  exists  in  mechanical  combination  with  all  crystalline 
rocks,  ''  its  minute  molecules  being  intercalated  between  the 
crystals." 

Nowadays  one  would  attribute  the  liquidity  of  an  igneous  rock 
not  so  much  to  the  mechanical  action  of  the  water  present  in  it  as 
to  the  combination  of  tbe  water  with  the  mineral  contents  of  the 
lava,  producing  a  state  of  solution.  Sorby's  investigations  supported 
Scrope's  observations,  for  he  proved  tbat  the  liquid  contained  in 
the  inclusions  in  granite  is  water,  and  showed  that  it  was  caught 
up  during  tbe  formation  of  tbe  crystals,  **and  was  not  introduced 
subsequent  to  the  consolidation  of  tbe  rock."  The  water  now  con- 
tained in  cavities  in  tbe  beryl  was  probably  held  in  solution  by  the 
constituents  of  tbat  mineral  at  tbe  time  of  its  formation,  and  as  it 
cooled  down  tbe  water  separated  from  tbe  substance  of  the  beryl 
and  formed  tbe  cavities  in  which  we  now  find  it  imprisoned.  If 
this  be  so,  it  follows  tbat  when  the  beryl  crystallised  out  of  the 
magma,  the  latter  was  in  a  fluid  condition,  and  held  a  considerable 
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tmonnt  of  heatod  water  in  solution.  The  temperature  of  the  magma 
moat  have  been  above  that  of  red  heat,  and  the  potential  energy 
of  the  water  held  in  a  fluid  state  by  pressure  must  have  been  great. 
When,  therefore,  in  the  course  of  the  earth  movements  whioh 
aooompany  or  in  some  cases  are  caused  by  the  intrusion  of  eruptive 
igneous  masses,  pressure  was  temporarily  relieved  by  the  rupture 
and  faulting  of  rooks,  the  superheated  water  contained  in  the  magma 
would  be  ready  to  flash  into  steam  with  almost  explosive  violence. 
It  must  also  be  borne  in  mind  that  water  under  great  pressure, 
at  or  above  a  red  heat,  has  a  powerfully  solvent  action  on  most 
minerals,  even  on  so  refractory  a  mineral  as  quartz.  When,  therefore, 
granite  in  the  molten  and  fluid  condition  of  the  Satlej  granite  was 
erupted  along  a  line  of  faulting,  fissure,  or  weakness,  the  superheated 
water  or  steam,  bearing  with  it  much  mineral  matter  in  solution, 
must  have  acted  with  great  chemical  energy  on  the  rocks  into  which 
it  was  intruded. 

I  have  spoken  of  water  carrying  mineral  matter  in  solution,  and 
of  a  magma  carrying  water  in  solution.  These  two  conditions  may 
rapidly  succeed  each  other  under  varying  coDditions  of  temperature 
and  pressure.  To  use  the  words  of  Van  Hise,  "under  sufficient 
pressure  and  at  a  high  temperature  there  are  all  gradations  between 
heated  waters  containing  mineral  material  in  solution  and  a  magma 
containing  water  in  solution.*'  The  condition  of  the  beryl  crystals, 
crowded  as  they  are  with  liquid  cavities,  shows  how  high  a  pro- 
portion of  superheated  water  wan  contained  in  the  fluid  granite 
magma  at  the  time  of  their  formation. 

Sorby  estimated  that  the  fluid  cavities  in  the  quartz  of  granites 
sometimes  amount  to  more  than  ten  thousand  millions  to  the  cubic 
inch.  As  quartz,  however,  is  usually  the  last  mineral  of  a  granite 
to  consolidate,  it  may  be  thought  that  the  water  contained  in  it 
is  a  residuum  left  by  the  felspar  and  muscovite  on  their  separation 
from  the  magma;  but  the  case  of  the  beryl  above  quoted  shows 
dearly  that  the  amount  of  water  diffused  through  the  magma  before 
the  mica,  felspar,  and  quartz  began  to  consolidate  must  have  been 
very  considerable.  The  amount  of  water  held  in  solution  by 
a  granite,  during  the  time  of  its  aqueo-igneous  fusion,  cannot  be 
estimated  by  the  amount  of  water  given  in  the  analysis  of  consolidated 
and  dried  hand-specimens  of  that  rock.  A  considerable  proportion 
of  this  liquid  must  necessarily  have  been  lost  during  the  gradual 
cooling  of  the  rock,  and  in  the  course  of  its  intrusion  into  neighbouring 
sedimentary  strata  as  sheets,  dykes,  and  veins.  Sorby,  as  the  result 
of  other  lines  of  investigation,  came  to  the  conclusion  that  the 
amount  of  water  present  in  granite,  though  limited,  is  considerable. 

We  must  now  turn  for  a  few  minutes  to  consider  the  important 
question  of  the  porosity  of  minerals,  and  their  permeability  by  heated 
water  and  gas  at  high  pressure.  The  fact  that  solid  substances  are 
built  up  of  molecules  having  interstitial  spaces  between  them  hardly 
needs  demonstration  nowadays.  But  have  we  all  quite  realised 
that  the  molecules  of  rock-forming  minerals  and  crystals  are  not 
inert   particles  of  matter,  but  that  they  vibrate  or  revolve  or  are 
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endowed  with  other  orderly  movement  that  may  be  likened  to  the 
motion  of  the  planets  round  the  sun?  Far,  far  away  in  spaoe 
the  solar  system  would,  to  an  eye  formed  like  oar  own,  in  all 
probability  present  a  nebulous  appearance,  beoause  the  eye  would 
not  be  able  to  see  the  individual  members  of  our  system.  So,  too, 
the  molecules  of  whioh  crystals  are  built  up  may  have  their  appro- 
priate  motions,  but  we  cannot  see  them  with  the  eyes  of  sense 
because  the  molecules  are  beyond  the  highest  powers  of  the 
microsoope.  We  can,  however,  I  think,  peroeive  them  with  the 
eye  of  the  scientific  imagination  ;  and  the  hypothesis  that  the  mole- 
cules of  minerals  are  separated  from  each  other  by  intermoleoalar 
spaces,  and  have  their  modes  of  motion,  seems  essential  to  the 
comprehension  of  rock  metamorpbism. 

The  important  experiments  of  Sir  W.  Roberts-Austen  on  the 
diffusion  of  gold  in  pure  lead  throw  considerable  light  on  this 
subject.  Disks  of  solid  gold  were  held  against  the  bases  of  oylinden 
of  lead  by  clamps,  and  were  kept  in  an  upright  position  at  the 
ordinary  temperature  for  four  years.  At  the  end  of  this  time  it 
was  found  that  the  gold  had  diffused  upwards  in  the  solid  lead, 
for  a  distance  of  7*65  mm.,  in  sufficient  quantity  to  be  detected  by 
the  ordinary  methods  adopted  by  assayers.  Traces  of  gold  were 
found  still  higher.  When  a  column  of  molten  lead,  16  cm.  high, 
was  placed  above  solid  gold  and  kept  at  a  mean  temperature  of 
492°  C,  that  is  to  say,  at  166°  above  the  melting-point  of  lead, 
but  569*7°  below  that  of  gold,  the  gold  diffused  in  considerable 
amount,  to  the  top  of  the  lead  column,  in  a  single  day. 

Sir  W.  Roberts- Austen's  experiments,  above  alluded  to,  demonstrate 
that  even  such  metals  as  gold,  whose  melting-point  is  as  high  as 
1061*7°  C.,  exhibit  a  measurable  amount  of  kinetic  energy  at  the 
ordinary  temperature  and  pressure.  Great  results  may  no  doubt 
be  brought  about  at  ordinary  temperatures  and  pressures,  when 
time,  as  in  the  laboratory  of  nature,  is  practically  unlimited ;  never- 
theless, the  importance  of  high  temperature  and  high  pressure,  in 
operations  connected  with  metamorpbism,  can  hardly  be  overrated. 
Not  only  does  a  rise  in  temperature  increase  the  energy  of  the 
chemical  actions  and  reactions  which  produce  the  mineralogical 
changes  embraced  by  the  term  metamorpbism,  but  it  increases  the 
porosity  of  minereds  and  facilitates  the  passage  of  liquids  and  gases 
through  their  pores.  The  cohesion  of  molecules  is  lessened,  the 
amplitudes  of  their  vibrations,  rotatory  or  other  movements,  ars 
increased,  and  a  passage  is  opened  for  the  advance  of  chemical 
materials  into  the  heart  of  the  crystal. 

Increase  of  temperature  thus  not  only  thi'ows  open  the  doors  of 
the  mineral  fortress  attacked,  but  gives  enhanced  energy  to  the 
invaders.  The  fact  that  the  mineral  components  of  a  rock  are, 
under  conditions  of  heat  and  pressure  practically  porous  to  heated 
water,  laden  with  chemical  reagents  in  solution,  is  frequently 
brought  home  to  the  mind  of  the  petrologist  in  a  very  tangible  way. 
We  sometimes  observe,  for  instance,  that  metamorphio  changes 
begin  at  the  heart  of  a  crystal,  and  leave  the  peripheral  portions 
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of  it  freah  and  unaltered.  In  suoh  oases  the  ohemioal  agents  of 
diange  have  evidently  passed  freely  throagh  the  outer  parts  of  the 
crystal,  and  have  by  preferenoe  seleoted  its  internal  parts  for  attaok. 

In  order  to  explain  olearly  how  this  remarkable  result  takes  plaoe» 
in  the  oases  referred  to,  it  will  be  necessary  to  diverge  for  a  few 
minutes  to  consider  another  branch  of  our  subject.  It  is  difficult, 
if  not  impossible,  to  lay  down  any  hard-and-fast  rule  of  universal 
application,  because  the  conditions  under  which  igneous  rooks 
crystallise  vary  with  temperature,  pressure,  the  relative  proportion 
of  constituents,  and  other  local  causes,  and  these  variations  in  the 
conditions  may  materially  affect  the  results ;  but  I  think  the  rule 
that  minerals  crystallise  out  of  a  molten  magma  in  the  order  of  their 
basicity  is  of  very  frequent  if  not  of  absolutely  general  application. 
This  mle  also  governs  the  growth  of  individual  crystals,  especially 
those  that  exhibit  what  is  known  as  zonal  structure.  Take,  for 
instance,  the  felspars  of  an  igneous  rook.  A  gradual  passage  may 
frequently  be  traced  by  the  petrologist  from  one  species  of  felspar 
at  the  heart  of  a  crystal  to  another  distinct  species  at  its  periphery. 
Sometimes  a  crystal  is  made  up  of  more  than  two  species,  which 
shade  more  or  less  gradually  into  each  other.  In  accordance  with 
the  rule  laid  down  above,  the  more  basic  species  formed  first ;  then, 
as  the  percentage  of  the  bases  left  in  the  magma  gradually  decreased, 
owing  to  the  first  formed  crystals  having  taken  a  lion's  share  of 
the  available  bases,  the  felspars  that  formed  later  became  gradually 
more  and  more  acid  in  composition.  Thus  a  large  felspar  of  slow 
and  gradual  growth  may  be  composed  of  several  zones,  each  zone 
being  successively  less  basic  and  more  acid  than  that  upon  which 
it  crystallised,  each  successive  zone  thus  possessing  slightly  different 
physical  properties  from  the  one  that  formed  before  it.  These 
statements  are  capable  of  proof.  When  sections  of  felspars,  such 
as  occur  in  thin  slices  of  igneous  rock,  are  examined  under  the 
microscope  in  polarised  light,  petrologists  can  distinguish  one  species 
from  the  other — when  the  direction  in  which  the  sections  were  out 
is  approximately  known — by  measuring  the  angles  at  which  they 
extinguish  from  the  twinning  or  the  pinacoidal  plane. 

This  is  not  mere  theory.  Each  species  of  felspar  has  its  own 
angle  of  extinction  and  its  own  index  of  refraction.  The  deter- 
mination of  these  two  factors  enables  a  petrologist  to  prove  optically 
the  change  in  composition  ;  or,  in  other  words,  the  change  in  species 
which  has  taken  place  in  the  successive  zones  during  the  gradual 
growth  of  a  large  zonal  felspar. 

Another  general  rule  must  now  be  mentioned.  I  think  it  may 
safely  be  asserted  as  a  broad  rule,  that  the  different  species  of  felspars 
are  attackable  by  the  chemical  reagents  which  make  themselves  felt 
in  metamorphic  action,  in  the  order  of  their  basicity  ;  that  is  to  say, 
the  more  basic  felspars  are  more  easily  attacked  than  the  acid  ones. 
When  we  bear  in  mind  the  facts  stated  above,  we  shall,  I  think,  be 
able  to  see  clearly  how  it  is  that  the  peripheral  portions  of  large 
felspars  in  igneous  rocks  sometimes  escape  alteration,  whilst  the 
cores  of  these  crystals  are  converted  into  secondary  minerals,  suoh  as 
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ohiorite,  silvery  mioa,  zoisite,  epidote,  kaolin,  steatite,  aaoatiiritei 
oaloite,  and  scapolite.  The  chemical  reagents  flowing  in  solotioii 
through  the  pores  of  the  felspars,  pass  hy  the  more  aoid  tnd 
refractory  species,  and  devote  their  energies  to  the  more  soaoeptiUe 
basic  species  entombed  at  the  heart  of  the  zonal  crystals. 

The  point  I  wish  to  enforce  most  strongly  is  that  the  phenomencm 
above  described,  namely,  the  formation  of  secondary  metamorj^io 
minerals  in  the  interior  of  a  crystal,  oombined  with  the  companti?6 
immunity  to  change  of  the  external  portions,  shows  that  the  agODtt 
which  brought  about  chemical  changes  at  the  core  of  the  oryitil 
flowed  freely  through  its  unaltered  peripheral  portions. 

But  some  may  ask  whether  the  chemical  agents  referred  to  may 
not  have  gained  acoess  to  the  heart  of  a  crystal  by  a  crad^ 
I  answer  that  a  crack  is  a  coarae  and  tangible  object  that  loomi 
large  under  the  microscope.  A  crack  in  a  mineral  liable  to  meta- 
morpbic  action,  through  which  chemical  reagents  have  flowed,  ooald 
not  escape  detection.  The  finest  crack  through  a  homogeneoiu 
mineral,  such  as,  for  instance,  an  olivine,  can  be  readily  seen,  not 
only  by  the  small  canal  worn  by  the  corrosive  action  of  t^e  chemioal 
agents  that  flowed  through  it,  but  by  the  alteration  set  op  in  the 
mineral  along  the  whole  course  of  the  canal. 

I  have  a  thin  slice  from  a  beautifully  fresh  olivine  contained  in 
one  of  the  lavas  of  Vesuvius  collected  by  myself.  A  Yolcanio 
explosion  or  other  cause,  operating  after  the  crystallisation  of  the 
olivine,  produced  a  very  fine  crack  in  the  mineral  through  which 
water,  charged  with  chemical  reagents,  subsequently  flowed.  The 
crack,  thougli  of  microscopic  width,  is  filled  with  serpentine,  and  on 
both  margins  fibrous  serpentine  has  been  formed  at  the  expense 
of  the  parent  olivine,  and  constitutes  a  fibrous  band  on  both  sides  of 
the  crack  throughout  its  entire  length,  the  direction  of  the  fibres 
being  at  right  angles  to  the  crack.  The  rest  of  the  olivine  is  of 
virgin  purity  and  polarises  in  the  most  brilliant  colours,  contrasting 
strongly  with  the  serpentine. 

In  this  case  it  is  clear  that  the  chemical  reagents,  though  free  to 
fiow  along  the  crack,  had  commenced  to  extend  beyond  its  wall?, 
encouraged  thereto  by  the  porosity  of  the  olivine  itself.  But  how 
different  is  this  case  from  those  in  which  the  entrance  of  the  chemical 
agents  had  not  been  facilitated  by  a  crack.  In  the  case  above 
described,  the  chemical  changes  set  up  were  limited  to  the  borders 
of  the  crack,  and  even  had  they  gradually  extended  in  the  course  of 
time  to  the  whole  of  the  olivine,  the  original  canal  by  which  the 
chemical  reagents  had  gained  access  to  the  crystal  would  have  re- 
mained to  tell  its  tale,  and  exhibit  along  its  course  the  banks  of  iron 
oxide  thrown  up  hy  the  chemical  navvies  that  had  excavated  it. 

Cracks  save  time  as  roads  and  canals  do,  but  thev  leave  behind 
them  evidence  of  their  former  existence.  In  order  to  understand 
fully  how  rocks  and  minerals  are  so  completely  open  to  the  attacks 
of  chemical  reagents,  which  penetrate  to  and  produce  chemical  and 
mineralogical  changes  at  the  very  hearts  of  minerals,  we  must  fully 
realise  how  completely  porous  rocks  and  minerals  are  to  the  heated 
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[quids  whioh  oarry  these  reagents  with  them  in  solution.  Heat,  as 
lefore  stated,  not  only  inoreases  ohemioal  energy,  but  destroys  more 
r  less  oompletely  the  cohesion  between  moleoules,  and  inoreases  the 
jnplitnde  of  the  vibrations,  or  other  motions  of  the  moleoules,  and 
onsequently  facilitates  the  entrance  of  liquids  and  gases  into  the 
wres  of  minerals,  and  their  complete  permeation  by  these  powerful 
igents  of  change.  Thus  far  we  have  been  chiefly  oonoemed  with 
lome  of  the  principles  underlying  the  branch  of  our  subject 
unbraced  by  the  term  contact  -  metamorpbism,  which  implies 
^rations  conducted  at  considerable  depths  below  the  surface  of 
the  ground,  under  conditions  of  heat  and  pressure. 

We  must  now  consider  very  briefly  changes  produced  at  or  near 
the  surface  by  the  agency  of  water,  or,  as  Bisohof  in  his  well-known 
work  termed  it,  metamorphism  in  the  '  wet  way.'  No  hard-and-fast 
line,  however,  can  be  drawn  between  the  two  classes  of  operations, 
as  the  one  gradually  shades  by  fine  gradations  into  the  other.  At 
one  end  of  the  scale  we  have  high  pressure  and  high  temperature, 
and  a  fluid  igneous  magma  holding  water  in  solution,  above  a  red 
heat,  and  giving  up  heated  water  or  vapour  charged  with  salts  to  the 
rocks  in  contact  with  it.  Passing  to  the  other  end  of  the  scale 
through  diminishing  temperatures  and  pressures,  we  reach  a  condition 
in  which  the  water  circulating  through  the  rocks  at  ordinary  pressure 
and  temperature  is  more  abundant  in  amount,  and  holds  acids  and 
salts  in  solution,  capable  of  setting  up  important  chemical  reactions 
in  the  rocks  and  minerals  to  which  it  gains  access. 

In  the  case  of  surface  operations,  moreover,  the  metamorphic 
agents — water,  acids,  salts — are  being  constantly  renewed.  Con- 
ditions differing  as  widely  as  the  conditions  at  the  extreme  ends 
of  our  scale  do  not  yield,  however,  precisely  the  same  results.  In 
both  metamorphic  change  goes  on  with  more  or  less  briskness,  but 
the  products  are  different.  Some  minerals  require  great  heat  and 
great  pressure  for  their  production,  and  such  minerals  are  never 
formed  by  any  surface  process  of  weathering.  For  instance,  the 
temperature  reached  determines  whether  titanium  dioxide  crystallises 
as  rutile,  or  in  one  of  its  other  two  forms,  rutile  requiring  a  tem- 
perature of  over  1000^  C,  and  being  the  only  form  of  titanium 
dioxide  *  stable  at  a  high  temperature.* 

Temperature  also  seems  to  determine  whether  the  silicate  of 
alumina  crystallises  as  andalusite,  kyanite,  or  sillimanite,  the  two 
former  being  transformed  into  the  latter,  at  a  temperature  of  1820^ 
C.  to  1380^  0.  On  the  other  hand,  some  minerals  require  little  heat 
for  their  formation,  and  are  readily  produced  by  metamorphic 
changes  in  the  '  wet  way.' 

There  seems  to  be  some  correspondence  between  the  melting-point 
of  minerals  and  their  density ;  thus,  in  the  case  of  eleven  minerals 
produced  by  contact-metamorphism,  whose  average  specific  gravity 
ranges  from  3*06  to  4*03,  I  find  that  their  melting-point  ranges  from 
954^  to  above  1770^  C,  high  temperature  and  high  pressure  (a  con- 
comitant of  plutonic  conditions)  appearing  to  be  factors  in  the 
production  of  high  specific  gravity  in  minerals. 

DBCADB  IT. — YOL.  IX. — NO.  X.  30 


466  NoticeB  of  Memoirs — 

The  genesis  of  individnal  speoles  of  minerals  is  a  famnatisg 
study,  bat  the  subject  is  too  large  to  enter  upon  here. 

Water  gains  aooess  to  rocks  in  several  ways.  It  falls  as  rain;  it 
rises  from  hidden  depths ;  it  leaks  from  the  sea  into  horisontal  beds 
or  into  strata  dipping  away  from  it ;  and  it  penetrates  through  faoHi 
and  fissures.  Rain  in  its  descent  takes  up  from  the  air  oxygen, 
nitrogen,  carbonic  acid,  and  in  some  oases  small  amonnts  of  nitrio 
acid.  It  is  thus  in  itself  a  powerful  solvent  and  potent  agent  in 
producing  chemical  change.  In  its  passage  through  the  surface  soil 
it  dissolves  humic  and  other  organic  acids,  the  products  of  T^etable 
decay,  which  add  greatly  to  its  solvent  power  and  enable  it  to  break 
np  many  silicates  and  to  dissolve  even  silica.  By  the  time  the  rain- 
water reaches  the  solid  rocks  below  the  surface  soil,  it  has  become 
a  very  active  agent  in  producing  chemical  changn  in  them.  It  is  by 
such  agents,  persistently  applied  during  long  periods  of  time,  thai 
large  areas  of  ultra -basic  igneous  rocks  have  been  altered  into 
serpentine. 

Hot  springs  are  a  well-known  instance  of  water  rising  in 
considerable  quantity  from  plutonio  depths.  They  are  known  to 
occur  in  the  plains  of  India,  and  are  especially  abundant  in  the 
Himalayas.  I  visited  two  very  interesting  ones  at  Suni,  in  the  bed 
of  the  Satlej  River,  west  of  Simla.  The  springs  rise  apparently 
under  the  very  bed  of  the  river,  and  come  to  the  surface  on  both 
banks  within  a  yard  or  two  of  the  rushing  water  of  the  Satlej. 
When  I  visited  the  springs  they  had  a  temperature  of  130°  F.,  and 
contrasted  strongly  with  the  cold  water  of  the  river  flowing  past 
them,  which  bad  descended  from  high  Himalayan  glaciers  and  had 
a  temperature  of  49®  F. 

The  native  inhabitants  of  neighbouring  villeiges  told  me  that  the 
hot  springs  always  appear  at  the  very  edge  of  the  river,  whatever 
may  be  the  height  of  its  waters  during  drought  or  flood.  This 
stat-ement  is  probably  true,  for  I  think  the  springs  well  up  from 
below  through  the  walls  of  a  fault  that  traverses  the  bed  of  Uie 
Satlej  at  a  high  angle  to  its  course,  and  the  springs  thus  come  to 
the  surface  on  both  its  banks. 

The  metamorphic  influence  of  these  springs  on  the  rocks  in  Uiit 
locality  has  been  very  powerful.  The  ancient  volcanic  rooks  thaw 
exposed  have,  for  some  distance  up  the  river,  been  altered  by  aqueous 
agents  almost  out  of  recognition.  The  original  structural  oharacten 
of  these  lavas  have  been  almost  completely  broken  down,  and  an 
amorphous  substance  substituted  for  the  crystals  and  minerals  of 
which  they  were  originally  composed. 

This  result  shows  that  the  crystals  and  minerals  of  these  old  lavas 
must,  for  all  practical  purposes,  have  been  completely  porous  to  the 
aqueous  agents  brought  to  bear  on  them. 

The  general  transmutation  of  one  mineral  into  another  by  the 
action  of  heated  water  holding  mineral  agents  in  solution,  aided  hj 
heat  and  pressure,  may  take  place  in  a  variety  of  ways.  Some 
of  these  processes  are  simple,  but  others  are  highly  complex.  Many 
are  the  results  o?  a  s\n^\^  o^^T^tiou,  others  of  a  series  of  changes 
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lome  of  whioh  prepare  tbe  way  for  those  that  follow.  In  some 
oaaes  the  ohange  may  be  bronght  about  by  the  removal,  in  whole  or 
in  part,  of  one  or  more  of  the  essential  oonstitaents  of  a  mineral, 
whereby  the  relative  proportions  and  mntaal  relations  of  those  that 
lemain  are  altered,  as  the  following  examples  will  show. 

By  loss  of  water  limonite  passes  into  hnmatite,  and  opal  into 
orystalline  quartz.  Dysorasite,  by  loss  of  antimony,  passes  into 
native  silver,  and  pyroxene,  by  the  removal  of  its  lime  and  iron, 
is  changed  into  tala  Simple  oxidation  or  the  absorption  of  oxygen 
by  a  mineral  is  responsible  for  another  class  of  changes,  as  in 
the  conversion  of  zinc  blende  into  goslarite,  and  antimony  into 
valentinite. 

The  loss  of  one  or  more  of  the  ingredients,  concurrently  with  the 
introduction  of  one  or  more  new  ones,  causes  many  metamorphic 
dianges,  as  in  the  conversion  of  marcasite  into  magnetite,  of 
witherite  into  barite,  and  of  azurite  into  malachite. 

The  well-known  conversion  of  a  peridotite  into  serpentine  is 
a  case  in  point  Here,  part  of  the  iron  and  magnesia  is  removed 
from  the  olivine,  and  water  is  introduced.  A  simple  process  like 
this,  brought  about  by  the  percolation  of  surface  waters  through 
an  Igneous  rock,  is  sufficient  to  transform  considerable  areas  of  rock 
masses  into  serpentine,  as  has  been  the  case  in  parts  of  Cornwall. 

Some  metamorphic  processes  are  more  complex  than  those  alluded 
to  above,  but  Nature  has  unlimited  time  at  her  disposal,  and  is  able 
to  manufacture  potent  chemical  reagents  as  her  processes  proceed. 
For  instance,  the  sulphides  of  various  metals  of  common  occurrence 
in  rocks,  most  of  which,  with  the  exception  of  those  of  the  alkaline 
metals,  are  insoluble  in  water,  by  taking  up  oxygen  pass  into 
solphates,  most  of  which  are  soluble  in  that  liquid  at  the  ordinary 
temperature.  These  sulphates  are  readily  carried  away  in  solution, 
and  become  potent  factors  of  ohange  in  rocks  through  which  water 
charged  with  these  salts  flows.  Again,  carbon  dioxide,  so  abundant 
in  percolating  water,  decomposes  minerals  containing  lime  or  alkali, 
and  removes  them  as  soluble  carbonates  to  effect  powerful  chemical 
reactions  elsewhere. 

I  must  pass  over  the  subjects  of  paramorphism  and  pseudo- 
morphism, as  the  limited  time  at  my  disposal  does  not  permit  me  to 
enter  upon  these  subjects.  In  the  above  sketch  I  have  entered 
upon  a  discussion  of  some  of  the  leading  principles  that  seem  to 
me  to  underlie  contact  action  and  metamorphism  in  the  wet  way, 
because  I  venture  to  thitik  that,  if  we  really  understand  these  two 
divisions  of  our  inquiry,  it  will  be  unnecessary  on  the  present 
occasion  to  enlarge  on  other  branches  of  our  subject. 

Take,  for  instance,  what  is  commonly  called  dynamic  -  meta- 
morphism. The  main  factors  in  this  kind  of  metamorphism  are  the 
folding,  crumpling,  crushing,  and  shearing  of  rocks  by  earth 
movements,  especially  during  the  upheaval  of  mountains.  But 
these  dynamic  forces  are  potent  factors  in  the  development  of  heat 
In  the  case,  therefore,  of  dynamic  -  metamorphism,  as  in  contact- 
metamorphism,  pressure  and  heat  are  the  main  ^aA\AT%  baVIvcl^Vt^l 
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oonjanotion  with  the  water  shut  up  in  or  oiroolating  through  a  lodL 
If  we  nnderstand  how  these  factors  operate  and  produce  the  resolti 
we  see  in  cases  of  contact  -  metamorphism,  we  shall  not  fail  fa> 
understand  their  action  in  a  case  of  dynamio-metamorphism. 

These  observations  also  apply  to  regional  metamorphism ;  that 
is  to  say,  to  metamorphism  produced  in  rocks  at  great  depth,  by 
being  brought  within  the  influence  of  the  interior  heat  of  the  eartL 
The  action  of  heat  in  increasing  molecular  motion  and  kinetic  eneigj 
is  well  understood  nowadays,  and  so  long  as  we  get  heat  it  Memi 
to  me  immaterial  how  heat  is  generated  in  rocks  subject  to  nieti> 
morphic  action. 

In  the  above  sketch  I  have  intentionally  omitted  to  enter  into 
the  details  of  chemical  action  that  has  brought  about  individual 
oases  of  metamorphic  change.  Volumes  would  be  required  to  do 
justice  to  so  complex  a  subject,  and  the  details  would,  in  an  opening 
address,  be  out  of  place. 

In  conclusion,  I  have,  I  trust,  shown  how  important  a  part  ?rater 
plays  as  an  agent  of  metamorphism,  not  only  at  and  near  Uie  surfaos 
of  the  earth,  but  at  plutonic  depths.  We  have  seen  that  the  molten 
granite  of  the  Satlej  Valley,  which  was  given  as  an  illustration  of 
a  fluid  igneous  magma,  contained  a  considerable  proportion  of  water 
held  in  solution  at  considerably  above  red  heat,  and  that  the  fluidity 
of  the  mskgma  was  due  to  its  presence.  We  also  saw  that  the  great 
heat  to  which  the  magma  was  raised  increased  the  potential  energy 
of  the  contained  water;  a  relief  of  pressure  then  opened  the  way 
for  the  intrusion  of  the  molten  magma  into  neighbouring  rocks. 
We  also  saw  that  this  water  was  rendered  by  heat  a  powerful 
solvent,  and  that  it  carried  with  it  into  the  adjoining  rocks  the 
mineral  matter  of  the  granite  in  solution.  We  also  saw  that  heat 
increased  the  porosity  of  minerals,  facilitated  the  passage  of  liquids 
laden  with  mineral  matter  through  their  pores,  and  increased  the 
potency  of  chemical  action. 
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HITHERTO  there  has  been  no  evidence  of  Cretaceous  strata  in  the 
Salt  Range  of  the  North  of  India.  But  Mr.  Ernest  G.  Eraser, 
formerly  of  the  Punjab  Civil  Service,  has  found  many  species  of  the 
type  or  age  of  the  Upper  Greensand.  In  1893  he  crossed  the  Salt 
Range  and  made  a  collection,  placed  in  my  hands,  in  which  are 
the  usual  Primary,  Secondary,  and  Tertiary  types  indicated  by 
Mr.  Wynne.  But  in  addition  are  typical  Cretaceous  species  in 
limestone.  Among  the  more  abundant  are  Spondylus  costulatus 
(Stol),  Spondylus  cakaratus  (Forbes), ^nnttef  andoorensis,  and  Lucina 
areotina.  The  specimens  are  in  good  preservation,  and  weathered  out 
from  the  rock.  They  are  from  the  shoulder  of  Sekasar.  Mr.  Eraser 
did  not  draw  a  section ;  but  the  fossils  which  are  deposited  in  the 
Royal  Indian  Engineering  College  show  that  the  section  must  have 
been  similar  to  those  given  by  Mr.  A.  B.  Wynne,  except  that 
Mr.  Eraser  had  the  good  fortune  to  find  Cretaceous  fossils  below 
the  Tertiary  strata.  This  northward  extension  of  the  fossils  suggests 
that  the  Indian  Cretaceous  sea  may  possibly  have  been  continuous 
with  that  of  Central  Asia,  though  the  beds  described  by  Dr.  F. 
Schmidt  in  Siberia  have  fossils  of  a  Gault  type  which  has  not  yet 
been  recognised  in  the  Salt  Range  of  India. 

lY. — Pbeliminaby  Note  on  a  Carboniferous  Fish  Fauna  from 
YiOTOBiA,  Austbalia.  By  A.  Smith  Woodwabd,  LL.D.,  E.R.S., 
of  the  British  Museum.' 

THE  researches  of  Dr.  Traquair  have  proved  that  in  Britain  there 
is  a  definite  succession  of  Devonian  and  Carboniferous  fish 
faunas.  When  sufficiently  well  -  preserved  fossils  are  available, 
these  faunas  can  be  readily  distinguished  and  recognised,  and  they 

^  Abstract  of  a  paper  read  before  the  Britiab  Association,  Belfast,  Sept.,  19.02,  in 
Section  C  ((Geology). 
2  Bead  heiore  tie  British  Association,  Belfast,  Sept.,  190*^,  m  ^^^oti^  VS^t^^^i^A- 
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always  ooonr  in  the  same  Btratigraphioal  order.  There  is  alao  ooa- 
siderable  eyidence  of  a  similar  saooession  on  the  oontinent  of  Eoropab 
in  Spitzbergen,  and  in  North  America. 

Much  interest  was  therefore  aroused,  twelve  years  ago/wheotiM 
late  Sir  Frederick  McCoy  annonnoed  that  a  mixinie  of  repr^ 
sentatives  of  all  these  different  faunas  had  been  discovered  in  a  bed 
of  PalsBOzoio  Bed  Sandstone  in  Australia.^  These  fossils  were  foond 
at  the  supposed  base  of  the  Carboniferous  system  in  the  vallej  of 
the  Broken  Biver,  near  Mansfield,  Victoria.  The  first  fngmeoti 
were  discovered  by  Mr.  Reginald  Murray ;  a  large  series  of  remiini 
was  afterwards  collected  by  the  Bev.  A.  Cresswell  for  the  (Seologifld 
Survey  of  Victoria;  and  valuable  additions  were  also  made  bf 
Mr.  Oeorge  Sweet,  F.O.S.,  of  Melbourne.  The  oomplete  coUeodoa 
was  placed  in  the  Melbourne  Museum,  and  Sir  Frederick  MoOoy'i 
report  was  the  result  of  his  preliminary  study  of  it. 

Unfortunately,  notwithstanding  the  interest  of  this  importsst 
discovery,  no  definite  information  oonceming  it  has  hitherto  been 
published.  Before  his  death  McCoy  was  only  able  to  sapervise  the 
drawing  of  some  plates  to  illustrate  a  memoir  which  he  hoped  to 
prepare.  The  specimens  proved  to  be  too  fragmentary,  and  tbo 
materials  for  comparison  in  the  Australian  museums  too  inadeqoato 
for  him  to  arrive  at  any  satisfactory  results.  The  whole  oolleotioa 
has  therefore  been  sent  to  me  by  Professors  Baldwin  Spencer  tod 
J.  W.  Oregory ;  and  at  present  I  have  the  honour  of  preparing  tfao 
projected  memoir  for  the  Geological  Survey  of  Victoria. 

With  ample  facilities  for  the  study  of  the  collection,  it  now 
appears  that  McCoy's  original  report  was  based  on  a  complete 
misinterpretation  of  many  of  the  fragments.  Far  from  displaying 
a  **  mixture  of  Lower  Devonian,  Upper  Devonian,  and  types  related 
to  some  of  the  Caloiferous  Sandstone  series,"  as  McCoy  supposed, 
the  Broken  River  collection  is  typically  and  essentially  CarboniferooB; 
and  some  of  the  specimens  are  of  great  interest,  both  from  the 
ichthyologist's  and  from  the  geologist's  point  of  view. 

None  of  the  specimens  or  drawings  are  labelled  with  the  names 
proposed  for  them  by  McCoy,  and  none  of  his  manuscript  notes  are 
forthcoming.  I  am  thus  unable  to  recognise  all  his  identification! 
with  certainty.  Most  of  them,  however,  are  distinguishable  ;  and  it 
is,  in  any  case,  sure  that  I  have  the  whole  of  the  material  which  wai 
at  his  disposal. 

The  fossils  regarded  by  McCoy  as  Lower  Devonian  in  fades 
received  the  names  of  Bytidaspis  murrayi  and  Pter€L$pis  (?)  fnaiii- 
Jieldensis,  The  former  was  said  to  be  of  the  same  shape  as 
Cephalaspis,  the  latter  not  more  than  generically  distinct  from 
jPteraapis.  There  are,  however,  in  the  collection  no  remains  either 
of  Cephalaspidians  or  Pteraspidians,  or  any  types  related  to  them. 
I  do  not  know  to  which  fossil  the  name  Byiidaipia  was  applied,  but 
it  is  evident  that  impressions  of  some  gular  plates  of  a  laige 
Rhizodont  fish  were  mistaken  for  the  supposed  Pteraepis. 

1  F.  McCoy,  *«  Report  on  PalaDontology  for  the  year  1888":   Ann.  Rep.  Sec 
Mines,  Victoria,  1889  ^1890^,  pp.  23,  24. 
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The  determination  of  the  remains,  olaimed  to  be  of  a  later  Devonian 
type,  \%  equally  nnsatisfaotoiy.  The  only  Aoanthodian  sofficiently 
well  preserved  for  discnssion  is  not  specicdly  related  to  the  Devonian 
forms,  bat  has  the  elongate  shape  oharaoteristic  of  the  genera  of  the 
-Carboniferons  and  Permian  periods.  The  Aoanthodian  fragment 
<x>iDpared  with  the  Devonian  Cheirolepii  (whioh  is  not  an 
Aoanthodian)  is  too  imperfeot  for  oonsideration.  The  so-oalled 
scales  of  the  Devonian  OlypiolepiSf  or  an  allied  genns,  evidently 
belong  to  the  large  Rhizodont  already  mentioned,  and  olosely 
resemble  the  scales  of  the  Lower  Carboniferous  Bhizodus  itself. 
"The  Aostralian  fish,  however,  does  not  belong  to  the  latter  genus, 
Its  teeth  being  round  in  transverse  section. 

The  most  interesting  of  all  the  genera  represented  in  the  oollection 
IB  one  rightly  recognised  by  MoCoy  as  an  Elasmobranch  allied  to 
the  Carboniferous  Oyraeanthus.  It  is  named  Oyraeanthides,  and  is 
a  round-bodied  Acanthodian  fish,  apparently  toothless,  with  the 
comparatively  small  and  spinous  pelvic  fins  advanced  far  forwards, 
as  in  Aeanthodes.  Its  dorsal  fins  have  not  been  observed,  but  its 
•mall  anal  fin  is  armed  with  a  spine. 

There  is  also  evidence  of  a  small  Dipnoan  fish  with  teeth  and 
floales  like  those  of  the  Carboniferous  and  Permian  SagenoduB.  The 
typically  Carboniferous  Palseoniscidn  in  the  collection  are  related  to 
JSiamiehikys, 

There  is  thus  no  abnormal  mingling  of  genera  in  the  Early 
PalsBOZoio  fish  fauna  from  the  Broken  River,  Victoria.  It  is  a  typicid 
<}arboniferous  assemblage  without  any  extraneous  elements. 

V. — On  the  Obioinal  Form  of  Sbdiuentaby  Deposits.     By  Rev. 

Professor  J.  F.  Blake,  M.A.,  F.G.S.* 

IN  determining  the  position  and  outline  of  ancient  continents  by 
observing  the  direction  in  which  the  sediment  derived  from 
them  thickens  or  thins,  and  in  interpreting  the  significance  of  the 
-contours  of  the  sea-bottora,  it  is  necessary  to  consider  what  will 
be  the  actual  shape  as  a  whole  of  any  sedimentary  deposit  of  single 
-origin  in  relation  to  the  land  whence  it  is  derived. 

It  has  been  assumed  by  several  authors,  both  of  text-books  and 
of  apeoial  memoirs,  that  sedimentary  deposits  are  thickest  near  their 
soaroe  of  origin,  and  that  limestones  are  deposited  at  great  distances 
from  the  shore.  The  author  gives  reasons  for  taking  a  somewhat 
different  view.  The  action  of  tides  and  currents  is  considered  as 
a  subsequent  operation,  the  original  form  of  the  deposit  is  that 
which  would  result  in  a  tideless  sea,  in  the  case  of  a  river  carrying 
detritus  directly  outwards.  The  coarse  material,  which  is  pushed 
along  the  bottom  of  a  river,  fills  up  the  angle  between  the  lowest 
level  the  river  reaches  and  the  constantly  deepening  bottom  of  the 
sea,  and  the  deposit  is  consequently  wedge-shape  towards  the  land 
and  sharply  sloping  seawards,  like  the  tip  of  a  railway  embankment. 
The  detritus  which  floats  consists  of  all  that  has  too  low  a  power 

1  Abstract  of  a  paper  read  before  the  British  Aflsociation,  Belfast,  Sept.,  1902,  in 
Section  C  (Geology). 
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of  siDking  to  overcome  the  velocity  of  the  stream,  and  only  bepm 
to  sink  on  the  retardation  of  that  velocity.  The  detritoB  with  inj 
particular  rate  of  sinking  will  thus  descend  faster  and  also  be 
crowded  into  a  narrower  area  at  a  distance  from  the  shore,  and  lO 
form  a  thicker  deposit  there,  where  alone  there  is  permanendj 
room  for  it  This  result  will  be  modified  by  (1)  the  ezpannoi 
laterally  of  the  retarded  stream,  (2)  the  evaporation  of  the  sm&oi 
water,  (3)  the  mixture  with  sea-water,  (4)  the  superpoaitioa  of 
various  maxima  at  different  distances  from  shore,  (5)  the  lediitri- 
bution  by  tides  and  currents. 

During  the  continuance  of  constant  physical  conditions  tbi 
seaward  boundary  of  river-brought  deposits  will  thus  be  a  maikid 
line — the  *  mud-Une '  of  Dr.  Murray — at  various  depths*  aooording 
to  circumstances.  At  this  line  there  is  a  rapid  change  of  sbpa 
This  has  been  called  an  escarpment,  and  the  edge  of  the  oontineiM 
plateau,  but  it  is  suggested  that  it  is  really  the  limit  of  terrigeooos 
deposits  in  bulk. 

The  lateral  expansion  of  the  stream  divides  it  into  two  spirsls 
on  the  two  sides  of  the  axis  and  separated  by  it  Along  this  axis 
the  deposit  will  be  carried  farther  to  sea  than  on  the  two  sides. 
This  will  cause  an  apparent  depression  of  the  sea-bottom  opposite 
the  mouths  of  direct  rivers.  These  depressions  have  been  taken 
to  be  submerged  river-channels,  but  they  are  the  natural  result 
of  the  form  of  the  deposit,  except  in  special  cases— of  which  the 
Congo  may  be  one.  Such  depressions  may  be  seen  indicated  on 
charts  of  the  sea  opposite  suitable  rivers,  as  on  the  west  coast  of 
Spain  and  India,  and  on  the  east  coast  of  America. 

Original  organically  formed  limestones  require  not  only  water 
free  from  sediment,  which  may  be  found  between  the  openings 
of  large  rivers,  but  an  abundant  supply  of  the  organisms  produciog 
them.  It  is  seen  from  the  results  of  the  CIuLllenger  expedition  that 
60  per  cent  of  the  species  of  such  animals,  and  probably  a  higher 
one  of  the  specimens,  inhabit  the  first  100  fathoms,  and  another 
20  per  cent,  the  next  100  fathoms.  Limestones  are,  therefore,  most 
likely  to  form  narrow  lenticles  with  the  long  axis  parallel  to  Uie 
shore,  as  in  the  case  of  barrier  reefs  ;  and  when  we  find  them  giving 
place  to  shalen,  it  is  not  because  we  are  approaching  a  shore-line, 
but  because  in  going  parallel  to  the  shore-line  we  are  approaching 
a  source  of  sediment 

VJ. — The  Evidence  of   the  Htdbothermal  Mstamorphisx  of 

THE  Schists  of  South  Devon.  By  A.  R.  Hunt,  M.A.,  F.Q.S.' 
rilHE  author  contends  that  a  dominant  cause  of  alteration  in  the 
X  Devonshire  schists  was  the  presence  of  water ;  in  other  words, 
that  as  the  presence  of  some  degree  of  heat  is  not  disputed  the 
metamorpbism  was  hydrothermal.  He  divides  the  schists  into 
two  groups : — 

1.  Rocks  which  have  been  variously  called  chlorite-schists,  horn- 
blende-schists, epidote-schists — or,  generally,  green  rocks. 

'  Abstract  of  a  papcx  read  before  the  British  Aflsociation,  Belfast,  Sept,  1902,  it 
Section  G  (Geology). 
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2.  Mioa-aohists,  more  or  leaa  aasooiated  with  quartz-schists. 

The  first  group  are,  he  observes,  usually  attributed  to  the 
alteration  of  basio  augitio  rock ;  that  is,  they  were  originally  com- 
poeed  of  anhydrous  minerals,  pyroxenes,  and  felspars.  He  then 
addncee  eridence  to  show  that  they  now  have  become  transformed 
into  rook,  consisting  of  hornblende,  epidote,  soisite,  and  chlorite; 
all  of  which  contain  water  of  crystallisation,  together  with  albite, 
which  is  charged  with  actual  water.  In  short,  he  remarks  that  the 
one  characteristic  mineral  which  by  way  of  addition  distiuguishes 
tbejpreen  rocks  from  their  assumed  parents  is  water. 

He  then  deals  with  the  second  group,  showing  a  similar  result. 
Thnsy  he  maintains,  the  hydro-metamorphism  of  the  district  seems 
pretty  well  established,  and  he  contends  that  whilst  thermo-dynamio 
metamorphism  is  admitted  in  South  Devon,  the  universal  presence 
of  water  in  the  newly  constituted  rooks  must  compel  us  to  assign 
a  very  important  position  to  hydro-metamorphism  as  an  agent  of 
change.  It  is  not  so  much  that  water  must  have  been  present 
daring  the  metamorphic  process,  as  that  it  is  in  the  rocks  now, 
and  could  not  have  been  introduced  since  their  crystallisation. 


VIL — On  thb  Viscous  Fusion  of  Book-formino  Minssals.    By 

Professor  J.  Joly,  D.Sa,  F.B.S.,  F.G.S.i 

IN  a  paper  read  at  the  Gongr^s  Geologique  Intemational  of  1900, 
and  in  a  short  note  communicated  to  the  British  Association 
Meeting  at  Bradford,  1900,  experiments  on  the  viscous  fusion  of 
some  rock- forming  minerals  are  described  by  the  author.  It 
appeared  that  under  the  influence  of  prolonged  exposure  to  high 
temperatures,  rounding  and  other  signs  of  fusion  (a  breakdown  of 
stability  as  a  solid)  could  be  obtained  at  much  lower  temperatures 
than  have  hitherto  been  assigned  as  the  melting  -  points.  This 
lowering  of  the  melting-point  under  prolonged  heating  (four  hours) 
is  more  marked  generally  in  the  case  of  minerals  containing  a  large 
peroentage  of  silica,  and  most  marked  in  the  case  of  quartz.  On  this 
account  the  order  of  the  melting-points  is  in  general  different  under 
conditions  of  prolonged  heating  than  under  conditions  of  short 
exposure. 

The  former  results,  as  regards  melting  under  conditions  of  short 
exposure  (results  required  for  comparison  with  those  obtained  under 
conditions  of  long  exposure),  were  not  quite  satisfactory  (as  at  the 
time  the  author  pointed  out)  in  so  far  that  the  observations  were 
not  efifected  in  the  same  manner  as  those  under  conditions  of  pro- 
longed exposure.  This  defect  in  the  observation  has  now  been 
removed.  One-minute  exposures  have  been  made  of  all  the  minerals 
previously  dealt  with  on  exposures  of  four  hours,  and  the  results 
confirm  the  former  conclusions,  but  reveal  a  decreased  difference  in 
the  two  melting-points ;  in  other  words,  the  short-exposure  melting- 
points  being  below  previous  results,  the  depression  of  melting-point 

1  Abstract  of  a  paper  read  before  the  Britisli  Aflsociation,  Belfast,  Sept.,  1902,  in 
Section  C  (Geology). 
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upon  prolonged  exposare  is  less  than  formerly  deduced.  The 
depresBion,  however,  increases  generally  with  the  silica-content  of 
the  mineral,  as  previously  observed. 

Vni.— On  the  Valleys  at  thb  Head  of  the  Habdahosb  Fjoid, 
Norway.    By  Horace  Woollaston  Monokton,  F.L.S.,  F.G.8.^ 

ABOVE  the  head  of  the  Hardanger  Fjord  there  is  a  great  moor- 
land with  a  level  of  over  2,0(K)  feet.  It  is  an  old  buid-surliue 
of  at  least  pre-Glacial  date,  with  rounded  hills  and  wide  shsllow 
valleys.  The  plateau  upon  which  the  snowfield  Hardanger  J6kal 
lies  and  a  few  mountain  tops  attain  a  still  higher  level,  and  may,  u 
suggested  by  Dr.  Beusch,  be  remains  of  a  far  older  land-surfMML 
In  the  moorland  deep  narrow  valleys  have  been  cut,  probably  tht 
result  of  a  rise  of  the  land  before  or  at  an  early  part  of  the  Glaoiil 
period.  It  is  suggested  that  the  hollow  in  which  the  Hardanger 
Fjord  lies  may  have  been  excavated  at  the  time  of  this  elevation. 

The  author  traces  the  course  of  the  river  Bjoreia  across  the  pre- 
Glacial  surface  to  the  Viiringfos  (waterfall),  where  it  plunges  into 
the  deep  narrow  valley  Maabodal.  He  agrees  with  Dr.  Beusch  thik 
the  precise  direction  of  this  valley  is  due  to  lines  of  weakness,  or 
cracks  in  the  rock,  and  that  the  valley  is  not  a  fissure  valley,  hot 
has  been  excavated  by  water  assisted  by  ice. 

The  author  was  struck  by  the  resemblance  of  the  head  of  the 
valley  at  the  Voringfos  to  a  giant's  cauldron,  and  suggests  tint 
much  of  the  excavating  may  have  been  the  work  of  sub-Gladtl 
streams  when  ice  covered  the  surface.  The  Maabovand,  a  talus- 
dammed  lake,  is  described.  Below  it  the  river  enters  the  side  of 
a  wide  section  of  the  valley,  and  possibly  the  head  of  the  valley 
was  at  one  time  at  this  point.  A  little  below  Tveit  there  appears 
once  to  have  been  a  small  lake  formed  by  moraine.  At  Ssebo  the 
valley  unites  with  HjsBlmodal,  and  some  interesting  terraces  are 
described.  Below  is  the  lake  Eidfjordsvand,  formed  by  a  great 
moraine.  Dr.  Brugger  has  shown  that  during  the  early  part  of  the 
Ice-age  the  land  stood  much  higher  than  now.  Subsequently 
depression  took  place,  but  towards  the  close  of  that  period  elevation 
again  set  in,  and  the  terraces  at  SsBbo  and  others  below  the  Eidfjord- 
svand are  the  result  of  this  last  elevation. 


IX. — Note  on  the  Soeneby  of  Cetlon.     By  A.  E.  CoomXraswXmt, 

B.Sc.,  F.L.S.,  F.G.S.* 

IT  is  probable  that  Ceylon  has  been  exposed  to  continuous  denudation 
since  very  early  PalsBOzoic  times.  The  foliation  of  the  crystalline 
rocks  has  had  a  marked  influence  in  determining  the  directions  of 
the  river  valleys  and  the  general  configuration  of  the  country' 
The  foliation  strike  is  usually  from  north  to  north-west.  Many 
rivers  have  a  similar  direction,  as  examination  of  a  map  will  show. 
A  north-and -south  strike- valley  runs  from  Wattegama  to  Dambulla, 

^  Abstract  of  a  paper  read  at  the  British  Association,  Belfast,  Sept.,  1902,  is 
Section  C  (Geology). 
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allowed  by  the  railway  as  far  as  Matale.  North-north-west  valleys 
»  oonspiouoos  north  of  Hanasgiriya.  The  Mahaweli  Ganga  valley, 
mth  of  Peradeniya,  is  a  strike  -  valley ;    another  good  example 

the  valley  running  north  -  west  from  Hatton.  Each  of  these 
Alleys  is  followed  by  the  railway.  Other  conspicuous  north-west 
ftlleys  (probably  strike-valleys)  are  those  between  Kurunegala  and 
[atale;  and  north-east  of  Adam's  Peak  and  south  of  Batnapura. 
.  small  area  east  of  Eandy  has  been  examined  in  detail,  and  shows 
diagrammatic  system  of  strike- valleys,  with  others  at  right  angles 
lereto,  the  strike  being  here,  however,  more  nearly  east  and  west 
lan  is  usually  the  case.  The  bands  of  limestone  may  have  had 
>me  effect  in  determining  the  actual  positions  of  these  valleys. 
f  course,  aU  valleys  in  Ceylon  are  not  strike- valleys ;  thus  the 
[aha well  Ganga  valley  crosses  the  general  strike  below  Gettembe 
)ast  of  Peradeniya),  forming  a  series  of  rapids. 

A  characteristic  feature  of  the  scenery  of  Ceylon  in  many  parts 

its  precipitous  character  ;  the  seemingly  '  bedded  '  granulites  form 
lural  escarpments  and  dip  scopes,  as  if  they  were  a  series  of 
)dimentary  rocks. 

The  above  remarks  apply  only  to  the  mountainous  districts  which 
xupy  the  south  central  part  of  Ceylon.  A  low  coastal  plain  fringes 
le  island,  partly  of  alluvial  and  partly  of  raised  beach  origin  ; 
)a  cliffs  are  absent  or  very  unusual,  and  even  any  coast  exposures 
f  rock  are  not  common.  In  the  north  a  greater  area  is  flat  and 
»w,  and  the  scenery  resembles  that  of  Southern  India.  Isolated 
ills  of  gneiss  (DambuUa,  Sigiri,  etc.)  rise  conspicuously  from 
le  plain. 

X. — Short  Notices. 

1.  Oligooenk. — No.  15  of  Bulletins  of  American  Palaeontology 
[Tornell  University),  16  June,  1902,  contains  the  thesis  for  Ph.I). 
f  Carlotta  Joaquina  Maury.  It  is  entitled  '^  A  comparison  of  the 
lligocene  of  Western  Europe  and  the  Southern  United  States." 
[aury*s  conclusions  are  :  "  A  comparison  of  the  invertebrate  faunas 
f  the  two  continents  offers  but  little  evidence,  either  for  or  against 
le  argument,  that  the  Yicksburg  and  Chipola  epochs  may  properly 
e  referred  to  the  Oligocene.  Rather  more  European  Oligooene 
pecies  or  their  analogues  occur  in  the  American  Eocene  than  in  the 
>-called  Oligooene  beds.  Some  also  are  found  in  the  American 
[iocene.  Yet  certain  characteristic  Oligooene  species,  or  their 
arieties,  are  in  the  Yicksburg  and  Cbipola  beds,  and  as  more  of  the 
ihipola  species  are  described  further  similarities  may  bo  noted, 
"his  incomplete  evidence,  furnished  by  the  invertebrates,  is 
trengthened  by  the  resemblances  found  by  Scott  and  others 
etween  the  vertebrate  faunas  of  the  two  continents  during  the 
eriod." 

2.  The  Genus  Columbella, — Mr.  S.  Pace  has  completed  his  list 
f  the  described  species  of  Columhella.  The  list,  which  runs  to  some 
nro  thousand  entries,  appears  in  the  Proc.  Malacol.  Soc,  vol.  v,  1902, 
ad  is  a  preliminary  to  further  study.     It  is  an  ^i.c;^\\<^ti\.  ^taxs^^^ 
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of  how  to  work,  as  it  ensures  the  aoqnaintanoe  of  the  author  with 
his  subject ;  thus  standing  in  striking  contrast  to  the  odd  and  end 
descriptions  of  supposed  new  species,  which  are  poured  forth  year 
after  year  by  those  who  have  a  meagre  acquaintance  with  literature. 
It  would  be  interesting  to  learn  how  many  of  these  *  species '  are 
valid ;  perhaps  thirty  per  cent,  would  be  a  fair  estimate. 

3.  Polish  Gbologt.  —  We  call  the  attention  of  our  readers  to 
'^Eatalog  literatury  naukowej  Polskiej  wydawany  przes  Komisjs 
Bibliograficzna  Wydzialu  Matematyczno-Przyrodnicz^o  Akademn 
Umiejetnosci  w  Erakowie/'  of  which,  in  part  i,  there  is  a  list  of  all 
the  scientific  journals  published  in  Polish.  The  catalogue  oomei 
out  in  parts,  and  is  carried  out  on  the  lines  laid  down  by  the 
International  Catalogue  of  Scientific  Literature  Committee. 

4.  AusTBAUAN  Tebtiabiss. — Mcssrs.  Hall  &  Pritohard  publish 
a  suggested  nomenclature  for  the  marine  Tertiary  deposits  of  Southern 
Australia  in  the  Proc.  Roy.  Soc.  Victoria,  xiv  (2),  April,  1902. 
They  differ  from  McCoy,  Tate,  and  Dennant  in  oonaidering  the 
Balcombian  to  come  above  the  Jan  Jucian  and  Aldingan  beds. 

5.  EuGBY  School  Museum. — In  the  Report  of  the  Rugby  School 
Natural  History  Society  for  1901  (1902),  a  list  is  given  by  H.  A. 
Ormerod  of  the  local  fossils  now  on  exhibition  in  the  Museum. 
After  each  name  comes  the  age  and  the  locality.  With  the 
exception  of  a  few  Rhastic  forms  the  fossils  are  all  from  the 
Middle  and  Lower  Lias. 

6.  SuBBBY  SciKNCE. — The  Presidential  Address  of  Mr.  Whitaker, 
F.R.S.,  to  the  Croydon  Microscopical  Club  for  1901  includes  a  list  of 
papers  on  the  Geology  of  Surrey  for  some  years  past 

7.  Stbomboli.  —  In  the  Archives  des  Sciences  Physiques  et 
Naturelles,  xii  and  xiii,  will  be  found  two  notes  by  A.  Bmn  on 
a  geological  excursion  to  Stromboli  and  a  note  on  its  Basalts.  The 
latter  paper  gives  an  account  of  the  fusion-point  of  minerals  from 
this  and  other  localities. 


THE  GEOLOGICAL  SURVEY  OF  ENGLAND  AND  WALES  AND  THE 

WHITE  CHALK. 

SiB, — An  official  memoir  on  "  The  Geology  of  the  Country  around 
Southampton  (Explanation  of  Sheet  815) "  was  received  at  the  Britirii 
Museum  (Natural  History)  about  the  28th  August^  1902.  In  this 
memoir  one  reads  the  extraordinary  statement  "  Offaster  piltda,  an 
echinoderm  characteristic  of  the  Marsupite  zone"  (p.  2,  ohap.  ii. 
Upper  Chalk).  If  this  is  true,  why  is  there  not  some  support  given 
to  such  a  statement  ?  It  has  been  distinctly  shown  by  Rowe  (Proa 
Geol.  Assoc,  xvi  (6),  1900,  pp.  342, 363  ;  xvii  (1),  1901.  pp.  55,  56, 
73)  that  this  urchin  is  characteristic  of  the  ^tiadra^us-zone,  and  that 
its  occurrence  in  the  Marsupites-zone  is  extremely  unusual. 
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One  would  have  thought  that  enough  had  heen  said  already  about 
the  sones  of  the  Ohalk,  and  that  espeoial  pains  would  therefore  be 
taken  to  attain  to  greater  exaotness  in  official  memoirs. 

0.  Dayiks  SHntBOBir. 


MABINE  SHELLS. 

Sts, — 1  b^  to  inform  the  readers  of  the  Geological  MAOAznni 
that,  acting  under  my  directions,  Mr.  David  Nimmo,  jnn.,  and 
Mr.  Frank  White  have  found  marine  shells  in  the  drift  of  the  Leaze 
Bum,  near  the  watershed  with  Logan  Water,  and  four  miles  north* 
east  of  Muirkirk,  in  Ayrshire.  The  drift  here  is  a  yellowish 
Boulder-day,  the  clay  being  very  fine-grained  and  exceedingly 
suitable  for  preserving  organisms.  The  exposed  bed  is  15  feet  thick, 
rock  not  seen,  and  1,330  feet  above  sea-level,  and  is  the  highest 
point  in  Scotland  at  which  marine  organisms  have  been  found  in 
the  drift.  J.  Smith. 

MONXBBDDZNO,   ElLWIXNINO. 

Sept,  1,  1902. 


DEVELOPMENT  OF  RIVERS. 

Sib, — Mr.  Buckman,  in  bis  article  on  River  Development  in  the 
August  number  of  the  Geolooioal  Magazimx,  criticizes  my  paper 
published  in  the  Quart  Joum.  Geol.  Soc,  vol.  Iviii,  p.  207.  On 
two  points  his  criticisms  are  well  founded.  My  allusion  to  the 
Yale  of  Moreton,  which  was  added  after  the  writing  of  the  paper, 
was  made  under  a  misapprehension,  for  I  had  not  grasped  the  faot 
that  the  anticline  was  considered  by  Mr.  Buckman  to  be  of  Inferior 
Oolite  age.  Under  such  circumstances  it  was  of  no  use  to  me,  for 
I  was  in  search  of  an  arching  up  of  the  Chalk  at  a  much  later  date. 
It  is  true  also  that  the  Vale  of  Moreton  is  wrongly  placed  on  my 
map.  The  name  was  added,  I  think,  on  a  proof,  but  the  responsibility, 
of  course,  was  mine.  As  regards  the  other  points  on  which 
Mr.  Buckman  considers  that  I  have  erred  in  matter  of  fact,  I  see 
no  reason  to  modify  what  I  wrote. 

Mr.  Buckman  finds  it  very  remarkable  that  the  anticline  of  whioh 
I  was  in  search  should  be  evidenced  by  no  more  than  traces.  The 
difficulty  in  locating  it  is  due  to  the  fact  that  the  Chalk,  in  which 
alone  its  effects  would  have  been  obvious,  has  been  denuded  away ; 
that  it  has  not  been  recognized  in  the  Oolitic  rooks  means  nothing, 
for  it  would  bq  masked  by  the  more  pronounced  movements  whioh 
affidcted  those  rocks  before  the  deposition  of  the  Chalk,  but  that 
it  existed  is  proved  by  a  general  consideration  of  the  dip  of  such 
Chalk  as  remains.  As  I  pointed  out,  the  westerly  rise  cannot  have 
continued  indefinitely,  for  it  would  have  carried  the  Upper  Cretaceous 
base  far  above  the  level  at  which  we  believe  it  to  have  lain  in  the 
West  of  England  and  in  Wales. 

The  paper  by  Mr.  Buckman  in  the  Proc.  Cotteswold  Nat.,  vol.  xiii, 
p.  175,  1899-1901,  which  I  characterized  in  a  footnote  as  **  trans- 
gressing the  limits  of  legitimate  speculation/'  was  preceded,  as  he 
points  out,  by  a  paper  in  Natural  Science,  vol.  xiv,  p.  270,  1899. 
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In  view  of  his  statement  that  the  earlier  paper  gave  his  views  in 
more  detail,  I  have  turned  to  it  with  some  interest  in  the  hope  of 
finding  further  evidence  of  the  changes  he  describes  in  the  ri?er- 
system  of  England  and  Wales.  The  paper  gives  a  dear  history 
of  the  development  of  a  river  on  a  slope  composed  of  rooki  of 
different  hardness  and  porosity,  a  classification  of  the  breaohei 
which  occur  in  many  escarpments,  and  an  exposition  of  the  principleB 
of  river-capture,  illustrated  by  examples  drawn  from  different  parte 
of  the  country.  So  far  the  account  is  excellent,  but  already  an 
uneasy  feeling  arises  that  more  evidence  for  the  oases  of  river-captoro 
quoted  as  examples  would  be  desirable. 

The  uneasiness  is  far  from  being  allayed  by  what  follows.  After 
briefly  relating  a  quarrel  between  the  Thames  and  the  Kennet,  ai 
a  result  of  which  the  former  is  credited  with  having  appropriated 
all  the  Cotteswold  streams,  the  author  continues :  "  The  Evenlode 
was  a  very  large  river,  draining  by  one  branch  the  north  Welsh 
mountains,  by  the  other  the  west  side  of  the  Pennine  ranga 
East  of  it  was  a  south  -  easterly  extension  of  the  Dove.  The 
Evenlode  soon  captured  this  by  sending  out  the  Gherwell  as 
a  subsequent  stream;  and  on  the  other  side  it  captured  all  the 
Ootteswold  streams.  The  Eennet  was  the  other  important  river. 
It  originally  drained  Mid  and  some  of  South  Wales." 

On  the  map  accompanying  these  statements  the  Derbyshire  Wye, 
the  Dove,  Trent,  Mersey,  Weaver,  Upper  Dee,  Upper  Severn,  Teme, 
Lug,  Wye,  Usk,  Rhymney,  and  Taff  rivers  are  shown  as  tributariei 
of  the  Thames.  Parts  of  these  rivers,  it  is  true,  flow  in  the  direction 
of  the  Thames,  but  much  of  this  imaginary  river-system  crosses 
the  existing  lines  of  drainage  at  right  angles,  while  such  features 
as  the  British  Channel  are  got  rid  of  by  stating  that  they  did  not 
yet  exist.  The  evidence  for  the  existence  of  this  river-system  is 
of  the  slightest  description ;  we  are  told  that  the  rivers  must  have 
run  thus,  and  that  they  must  have  occupied  certain  gaps  in  the 
Oolitic  escarpment.  Its  restoration  seems  to  have  been  effected 
by  piecing  together  such  portions  of  river- valleys  as  happened  to 
fall  into  a  suitable  position  on  the  map. 

The  Severn  is  credited  with  effecting  the  change  to  the  system 
now  existing.  Beginning  as  a  small  stream,  it  captured  the  Taff, 
Bhymney,  Usk,  Wye,  and  a  number  of  others,  its  remarkable  career 
being  briefly  related  as  a  statement  of  fact.  *'  The  further  develop- 
ment," the  author  naively  remarks,  "  may  be  shortly  told."  The 
Severn  *'  started  or  strengthened  two  subsequent  branches— one 
northwards,  which  captured  the  Shropshire  and  Welsh  drainage, 
the  other  north-eastward — the  present  Warwick  Avon  which  cat 
off  the  head-waters  of  the  Thames  tributaries  from  the  north." 

In  his  concluding  remarks  Mr.  Buckman  is  frank.  "  Many  of 
the  statements  in  this  paper  may  be  termed  mere  speculation.  It  i> 
fully  admitted."  I  give  these  brief  extracts  in  justification  of  my 
footnote.  A.  Strauan. 

SniflATLEY,  ReADIXO. 

Auffust  18,  1902. 
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I. — On  a  Colleotion  of  Tbilobitbs   from  thb  Goddon^   Hill 
Bbds,  Lowbb  Culm-mba8tjbb8,  nbab  Babnstaplb,  Nobth  Devon, 

AVD   ONE   FBOM   GlAMOBOAMSHIBB. 

By  Henry  Woodward,  LL.D.,  F.R.S.,  F.G.S. 

(PLATE   XX.) 

HAYING  some  time  since  been  favoured  by  Mr.  and  Mrs. 
Coomaraswamy  (Miss  Ethel  M.  Partridge)  and  Mr.  Joseph  G. 
HamUng,  F.G.S. ,  of  Barnstaple,  with  the  loan  of  their  collections 
of  Culm  Trilobites  from  Coombe  Wood,  etc.,  near  Barnstaple,  I  feel 
it  incumbent  to  add  a  few  notes  to  those  already  published  by 
me  in  the  Appendix  to  Messrs.  Hinde  &  Howard  Fox's  paper 
(Quart.  Joum.  Geol.  Soc,  1895,  vol.  li,  pp.  G46-G49,  pi.  xxviii, 
figs.  1-8). 

Out  of  the  large  series  of  specimens  kindly  sent  to  me,  I  have 
selected  and  figured  on  Plate  XX  thirteen  of  the  best  preserved 
examples  from  the  Coombe  Wood  section ;  whilst  Figs.  14  and  15 
illustrate  a  nearly  entire  Trilobite,  obligingly  lent  to  me  by 
Mr.  Frederick  Barke,  F.G.S.,  of  Stoke-on-Trent,  and  obtained  by  him 
from  beds  of  reputed  Culm  age  at  Bishopston,  Glamorganshire.' 

Phillipsia,  sp.     (PI.  XX,  Figs.  1,  2,  and  13  (?).) 

Fig.  1  represents  the  glabella  of  a  Phillipsiaf  with  the  fixed  cheek 
attached,  of  the  natural  size.     The  glabella  measures  16  millimetres 

*  Spelt  Coddon  Hill  by  H.  B.  Woodward  (Gcolojry  of  Enpfland  and  Wales),  also  in 
the  best  Gazetteers  and  on  tlio  Geological  Map  of  England  and  Wales  ;  but  Coddeii 
Hill  on  the  Ordnance  Survey  Map. 

'  For  previous  papers  on  these  Trilobites  from  the  Culm,  see: — Ilcnry  Woodwanl, 
"  On  the  Diacovei^-  of  Trilobites  in  the  Culm-Shales  of  South-East  Devonshire  '* : 
Geol.  Mag.,  1884,  pp.  634-545,  PI.  XVI.  H.  Woodwanl,  «*  Carboniferous  Trilo- 
bites": Mon.  Pal.  Soc.,  1883-84,  pp.  1-86,  pis.  i-x  (on  the  Culm  Trilobites. 
E.  65-70,  pi.  x).  G.  J.  Ilindo  &  Howard  Fox,  **  The  Radiolarian  Rocks  in  tho 
wer  Culm-measures  of  Devon,  Cornwall,  and  West  Somerset**:  Quart.  Journ. 
Geol.  Soc.,  1896,  vol.  li,  pp.  609-C68,  pis.  xxiii-xxviii  (Note  on  the  Trilobites,  by 
II.  Woodward,  pp.  646-019,  pi.  xxviii,  f\^.  1-8). 
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in  length,  and  is  10  mm.  in  breadth  at  the  posterior  border;  it 
diminishes  slightly  to  9  and  8  mm.  respeotivelj,  10  and  11  mm. 
from  the  posterior  margin,  and  is  marked  by  three  reounred  forrowi 
on  eaoh  side;  the  hindermost  outs  off  a  small  semioinmlar  lobe 
which  is  endosed  by  it  and  the  latero-posterior  angle  of  the  glahelhu 
The  glabella  is  rounded,  and  does  not  expand  in  front ;  it  is  separated 
from  the  anterior  border  by  the  flattened  margin  of  Uie  fixed  oheek, 
whioh  is  3  mm.  broad ;  the  fixed  cheeks  are  4  mm.  broad  on  eaoh 
side  of  the  glabella,  where  anterioriy  they  form  a  rounded  lateral 
expansion,  contracting  to  1  mm.  in  breadth  just  in  front  of  the  eje 
and  broadening  to  2  mm.  on  the  superciliary  region ;  thenoe,  after 
a  slight  contraction,  it  again  expands  to  a  breadth  of  5  mm.  at  iti 
union  with  the  posterior  margin.  The  nuchal  furrow  is  not  ysij 
clearly  defined  and  the  free  cheeks  are  not  preserved. 

This  glabella  and  the  pygidium,  Fig.  12,  represent  fragmente  of 
some  of  the  largest  Trilobites  hitherto  obtained  from  the  Lower 
Culm  of  Coddon  HUl. 

Although  much  larger  in  size  than  Fh.  PoUent,  from  the  Carboni- 
ferous (Culm  ?)  Shale-beds  of  the  river  Hodder,  at  Stonyhnrst  (see 
Geol.  Mag.,  1894,  p.  487,  PI.  XIV,  Figs.  7-12),  I  am  nevertheJem 
inclined  to  refer  this  glabella  to  that  species,  possibly  also  the 
detached  cheek.  Fig.  13. 

Fig.  2,  although  smaller  (being  drawn  twice  nat.  size),  probably 
from  its  form,  may  likewise  be  referred  to  Ph,  PolUni. 

These  fragments  may  serve  to  suggest  the  probable  presence  of 
this  species  at  Coddon  Hill.^ 

Phillipsia  spatulata,  sp.  nov.     (PL  XX,  Figs.  3,  4.) 

The  head  in  this  species  is  remarkable  for  the  peculiar  form  of 
the  cheek-spines,  whioh  have  a  broadly  rounded  and  expanded 
extremity  quite  unlike  that  of  any  other  Trilobite  from  this  locality. 
The  length  of  the  head-shield  in  Fig.  3  measures  12  millimetres, 
and  the  breadth  at  its  base  18  mm.  The  length  of  the  head  to  the 
end  of  the  cheek-spines  is  20  mm.  These  spiifes  extend  backwards 
8  mm.  beyond  the  base  of  the  head,  being  nearly  3  mm.  broad,  and 
are  striated  longitudinally  upon  the  under  surface.  The  glabeUi 
is  6  mm.  broad  at  its  base,  the  sides  are  nearly  parallel,  with  a  sli^t 
expansion  and  tumescence  in  front;  the  fixed  cheeks  are  narrow; 
they  form  a  border  of  about  1  mm.  in  width  around  the  glabella  io 
front.  Owing  to  the  state  of  preservation  of  these  specimens  the 
eyes  cannot  clearly  be  made  out,  but  they  are  about  6  mm.  firom 
the  posterior  border  of  the  glabella ;  the  free  cheek  is  semicironlar 
in  outline,  with  a  broad  margin  which  widens  perceptibly  backwards 
to  the  posterior  angle,  where  the  spatulate  cheek-spine  originatee. 

There  are  two  small  triangular  lobes  at  the  base  of  the  glabella 
and  a  minute  tubercle  whioh   marks  the  centre  of  its   posterior 

1  The  ppecies  hitherto  recorded  (see  Quart.  Joum.  Geol.  Soc.,  1895,  vol.  "» 
pp.  646-649)  are '.— Phillipsia  Led,  H.  Woodw. ;  P.  minor,  H.  WtK>dw. ;  P.  Clififri*, 
it,  Woodw. ;  Phillipsia^  \  sp. ;  Grijithides  acanthiccpSy  H.  Woodw. ;  G.  Um^i9p»^^ 
Portl. ;  Proettts,  sp,  («,  J). 
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border ;  the  neck-farrow  is  not  clearly  seen  in  Fig.  3,  but  a  portion 
is  visible  in  Fig.  4,  1  mm.  in  width. 

Fig.  3  shows  an  entire  head-shield  from  the  Coombe  Wood  Qaarry 
collected  by  Mr.  A.  E.  Coomaraswamy,  F.Q.S.,  and  has  a  counter- 
part. Fig.  4  is  from  Mr.  J.  Hamling's  collection  (No.  704)  from 
Overton  Quarry.  There  is  also  a  free  cheek  and  spine  ^No.  712) 
from  the  same  collection,  Coddon  Hill.  On  re-examining  the  earlier 
material  in  the  British  Museum  (Natural  History)  I  find  another 
very  good  head-shield  and  counteipart  (registered  I.  3215)  of  this 
species,  presented  by  Mr.  Joseph  Hamling,  F.G.S.,  in  1896,  from 
the  Culm  of  Ooddon  Hill,  Barnstaple. 

Pboktus,  Steininger,  1830.^ 
Pboitus  Coddonensis,  sp.  noY.     (PI.  XX,  Figs.  5-11.) 

I  have  spent  much  time  in  the  examination  of  these  small 
Trilobites  from  Coddon  Hill,  Barnstaple,  of  which,  thanks  to 
Mr.  J.  G.  Hamling  and  Mr.  and  Mrs.  Coomaraswdmy,  I  have 
received  a  large  number  of  specimens.  I  selected  Figs.  5,  8,  and  11 
as  the  most  perfect  examples,  the  heads  Figs.  7,  9,  and  10,  and  the 
pygidium,  Fig.  6,  all  of  which  I  had  reasonable  expectations  were 
distinct  I  regret  to  have  to  admit  that  my  first  impressions  are 
not  borne  out  by  a  more  lengthened  study  of  the  materials ;  on  the 
contrary,  I  am  now  led  to  conclude  that  they  must  (notwithstanding 
various  minor  differences)  all  be  placed  in  the  same  species. 

These  fragmentary  remains  number  about  75  specimens,  and 
consist,  for  the  greater  part,  of  detached  heads  and  tail- shields,  only 
about  21  examples  having  at  least  some  of  the  thoracic  segments 
also  preserved,  8  only  being  complete.  These  Coddon  Hill 
specimens  are  all  extremely  small.  Fig.  5  being  6  mm. ;  Fig.  8, 
9  mm.;  and  Fig.  11,  10^  mm.  in  length. 

The  head-shield  is  semicircular ;  eyes  never  well  preserved,  but 
where  visible  reniform ;  glabella  slightly  broader  behind,  rounded 
in  front,  marked  by  two  triangular  lobes  at  the  base ;  fixed  cheeks 
narrow  at  sides ;  glabella  separated  from  margin  of  shield  in  front 
by  the  smooth  or  striated  border  of  the  fixed  cheek.  The  facial 
snture  which  divides  the  fixed  cheek  from  the  free  cheek  crosses 
the  frontal  border  just  in  a  line  with  the  eye,  above  which  it  expands, 
forming  a  rounded  palpebral  lobe ;  then  passing  down  close  to  the 
line  of  the  axial  furrow,  it  ^verges  outwards  and  crosses  the  posterior 
border  obliquely  behind  the  line  of  the  orbit.  Free  cheeks  roundly 
triangular,  centre  of  the  cheeks  raised ;  margin  smooth  and  broad, 
produced  into  a  short  spine  at  the  posterior  angles;  neck-lobe 
corresponding  with  the  free  thoracic  segments  in  its  axial  portion. 
Free  thoracic  segments  number  7  in  Fig.  5,  8  in  Fig.  8,  and  8  or  9 
in  Fig.  9.  This  discrepancy,  which  I  at  first  regarded  as  of  specific 
value,  if  no  more,  I  now  conclude  to  be  due  to  squeezing  together 
of  the  segments  in  Figs.  5  and  8,  so  as  to  conceal  their  full  number. 

*  For  a  full  description  of  the  genus  PnoETrs  pce  11.  Woodward,  **  Carboni- 
ferous Trilobites" :  Mon.  Pal.  Soc,  1884,  pp.  66-67. 
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I  have  detected  the  overlapping  clearly  in  Bome  of  the  other  anfignred 
examples  of  this  species  ia  the  collection,  due  to  squeezing  together 
of  the  thoracic  rings. 

Fig.  11  is  no  doubt  the  most  complete  of  the  three.  Fig.  5  having 
been  shortened  by  squeezing  together  longitudinally,  which  has  giTcn 
it  a  greater  lateral  expansion. 

In  all  these  specimens  the  body  axis  is  considerably  broader  than 
the  pleurad,  and  the  trilobation  is  very  strongly  marked.  The  pleure 
are  strongly  recurved,  falcate,  and  their  extremities  ronndod  and 
broadly  faceted. 

The  pygidium  is  very  short,  the  axis  is  truncated  and  does  not 
reach  the  posterior  border,  the  coalesced  segments  are  obscure,  but 
appear  to  be  about  six  or  seven  in  number,  the  margin  when 
preserved  has  a  well-marked  rim  (see  Fig.  11). 

Although  in  the  genus  Froetus  there  are  several  species  having 
a  larger  number  of  coalesced  segments  in  the  pygidium  than  are 
seen  in  this  form  from  Coddon,  yet  there  are  many  others  with  an 
equally  short  pygidium.  On  the  other  hand,  there  is  no  PJUUipM 
nor  Griffithides  with  such  a  shortened  tail-shield,  nor  can  the 
head-shield,  although  certainly  less  well  preserved,  be  referred  to 
either  of  these  genera. 

Several  forms,  at  present  within  the  genus  ProetuB,  will  un- 
doubtedly have  to  be  removed  whenever  this  genas  is  revised. 

Pboetus,  sp.     (PL  XX,  Fig.  12.) 

This  large  pygidium,  in  which  the  traces  of  coalesced  segments 
are  almost  obliterated,  is  figured  on  our  plate  of  the  natural  size. 
It  measures  29  mm.  in  width,  by  15  mm.  in  length ;  the  surface 
is  very  convex,  the  axis  is  11  mm.  broad  at  its  union  with  the 
free  thoracio  segments,  and  diminishes  to  4  mm.  near  its  rounded 
distal  extremity,  which  almost  touches  the  posterior  border.  Traces 
of  about  two  or  three  coalesced  segments  can  be  discerned  near  the 
proximal  border.  The  outer  margin  had  a  raised  thickened  rim. 
The  late  Professor  James  Hall,  in  his  "Palaeontology  of  New 
York,"  has  figured  a  somewhat  similar  smooth  pygidium,  which  he 
named  Froetus  crassimarginatus,  from  the  Upper  Helderberg  Group 
(Devonian)/  but  it  is  longer  in  proportion  to  its  breadth  than  is  our 
Coddon  Hill  specimen.  There  are  no  free  segments  or  head-shields 
known  from  this  horizon  which  can  be  relegated  to  this  pygidium : 
I  do  not  therefore  propose  to  give  it  a  name.  It  may,  for  the  present, 
be  referred  to  the  genus  Froetus, 

As  a  large  number  of  these  Culm-measure  Trilobites  are  more  or 
less  in  the  condition  of  compressed  and  distorted  casts,  it  is  often 
very  difficult  to  determine  accurately  their  minute  characters ;  it  is 
better,  therefore,  to  defer  a  fuller  description  of  them  until,  as  is 
to  be  hoped,  more  perfect  materials  are  obtained. 

Griffithides  Babkei,  sp.  nov.     (PI.  XX,  Fig.  14.) 
This  is  a  characteristic  example  of  the  genus  Griffithides,  and  may 

1  Pa\.  ^ew  XwVl»  IS88,  vol.  vii,  pi.  xx,  ti-r.  S. 
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B  oompared  with  G.  Iongieep$  of  Portlook,  from  the  Carboniferous 
limeetone  of  Ireland,  but  the  Irish  species  attains  to  almost  twice 
le  size  of  Mr.  Barke's  example  from  Glamorganshire. 

The  general  outline  is  ovate-oblong ;  the  glabella  is  smooth,  veiy 
ibbous,  and  pyriform  ;  the  basal  lobes  are  rather  small  and  obtusely 
langular,  and  not  nearly  so  prominent  as  in  G.  longieeps ;  the  axiid 
ortion  of  the  neck-lobe  is  moderately  broad,  and  separated  from  the 
labella  by  a  well-marked  smooth  furrow ;  the  fixed  cheeks  are  very 
arrow,  but  the  suture  is  not  distinctly  seen  in  the  specimen 
uteriorly ;  eyes  one-third  the  length  of  the  head,  reniform,  surface 
nely  faceted ;  raised  inner  portion  of  free  cheeks  rather  narrow, 
irface  smooth,  outer  margin  wide,  posterior  angles  produced  into 
road  and  stout  spines,  reaching  to  the  6th  segment  of  the  thorax ; 
lorax  composed  of  nine  free  segments,  the  axis  arched,  equalling 
ne*third  the  breadth  of  the  thorax,  each  segment  of  the  axis  having 
row  of  minute  granules  along  its  posterior  border,  none  visible  on 
tie  plenrsd ;  angles  of  pli9ur»  bluntly  terminated  (not  rounded  as  in 
h  longiceps) ;  pygidium  composed  of  thirteen  coalesced  somites,  the 
osterior  margin  of  the  axis  of  each  one  bearing  a  row  of  minute 
iranules,  similar  to  those  on  the  axis  of  the  free  segments ;  axis 
ipering  to  the  extremity,  and  rather  more  pointed  and  more  slender 
ban  in  G.  longiceps ;  ribs  nine  in  number,  not  granulated,  separated 
rom  the  lateral  margin  by  a  broad,  striated  border,  which  is  widest 
osteriorly.  [The  Hypostome. — Fig.  15  on  Plate  XX  represents 
be  hypostome  seen  in  sitik  in  the  head  of  Fig.  14.  It  closely 
esembles  the  hypostome  of  €rriffithide$y  see  H.  Woodward's  Men. 
!arb.  Trilobites :  Pal.  Soc,  1883,  p.  30,  pi.  vi,  fig.  5,  which  may 
ave  belonged  to  G.  longiceps.^ 

Compared  with  the  species  nearest  to  it  G.  Barkei  differs  from 
?.  longiceps  in  the  following  particulars : — 

The  glabella  in  G.  Barkei  is  broader  in  proportion  anteriorly  and 
arrower  and  more  pointed  posteriorly  than  in  G,  longiceps ;  the 
asal  lobes  are  smaller  and  much  less  prominent;  the  eyes  are 
laced  slightly  more  posteriorly,  and  abut  upon  the  basal  lobes  and 
be  neck-lobe ;  there  is  no  tubercle  on  the  basal  lobe ;  the  row  of 
linute  granules  on  the  posterior  border  of  each  segment  is  confined 
0  the  axis  of  both  the  thorax  and  the  pygidium ;  the  pleursB  are 
luntly  terminated,  not  rounded  ;  lastly,  the  ribs  in  the  pygidium  do 
ot  reach  the  margin  as  in  G.  longiceps,  but  are  separated  by  a  broad 
striated)  margin  which  widens  posteriorly.  These  differences, 
ogether  with  its  much  smaller  size,  suffice  to  separate  G,  Barkei 
pecifically  from  G,  longiceps,  than  which  there  is  no  other  so  closely 
elated  to  it.  I  have  much  pleasure  in  naming  it  after  its 
liscoverer,  Mr.  Frederick  Barke,  F.G.S.,  of  Stoke-on-Trent. 

Concerning  the  horizon  of  Griffiihides  Barkei,  Dr.  Wheelton  Hind 
writes : — **  It  was  obtained  at  Bishopston,  Glamorganshire,  from 
.  series  of  desilicified  cherts  which  rest  upon  the  Carboniferous 
jimestone  massif,  and  immediately  overlying  which  are  beds  with 
3ssils  of  the  Pendleside  series.  These  cherts  would  be  very  close 
0  the  horizon  of  the  beds  on  the  Hodder  al  SloxrjXiwt^V.,  ^V^x^ 
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Trilobites  oooar,^  and  these  beds,  I  strongly  sospeot,  will  soon  be 
shown  to  be  of  about  the  same  age  as  the  Culm.  The  number  of 
fossils  eommon  to  this  part  of  the  Culm  and  Pendleside  series  u 
Yery  remarkable:  Pondanomya  Beeheri,  Goniatitea  (OiypJUoeerai) 
tpharieus,  O.  apiralis,  G.  Btriatus,*'  eta 

Mr.  Horace  B.  Woodward,  F.B.S.  (Gkology  of  England  and  Wales, 
2nd  ed.,  1887,  p.  167)  writes : — "  In  Qlamoiganshire,  immediatelj 
above  the  Carboniferous  Limestone  of  Gower,  at  Penrioe,  and 
between  Llanrhidian  and  Oystermouth,  there  is  a  considerable 
development  (1,600  feet)  of  black  shales  with  sandstones,  to  which 
the  name  (}ower  series  has  been  applied.  These  beds  appear  to 
represent  the  Upper  Limestone  shales  and  perhaps  the  Millstone 
Grit  At  Tenby  they  are  but  a  few  feet  thick,  but  there  they 
contain  beds  of  dark  limestone,  and  yield  Goniatites,  reminding  one 
of  the  Black  Limestones  of  North  Devon  that  occur  at  the  base  of 
the  Culm-measures."  Further  on  (p.  172)  he  adds :  "  The  Millstone 
Grit  is  not  definitely  identified  in  the  Qower  peninsula,  and  it 
remains  to  be  proved  whether  the  Gower  shales  should  be  correlated 
with  it,  or  whether  it  be  represented  by  certain  sandstones  above 
them  and  now  included  with  the  Coal-measures." 

So  far  back  as  1846,  Sir  H.  T.  De  la  Beche  describes  this  very 
section  at  Bishopston,  Glamorganshire,  and  gives  a  measured 
section  of  the  beds.  He  writes  (Mem.  Geol.  Survey,  vol.  i,  pp.  133 
and  143)  :— 

<'It  is  desirable  to  mention  certain  beds  which  occur  above  the 
Carboniferous  Limestone  near  Swansea  (if,  indeed,  they  may  not, 
in  a  great  measure,  be  as  an  upper  portion  of  it),  since  there  is 
a  certain  general  resemblance  between  them  and  the  beds  in 
Devonshire  immediately  above  the  Pilton  Group.  When  these 
beds  reach  the  coast  in  Swansea  on  the  east,  the  section  exposed  io 
not  good,  and  the  beds  are  also  concealed  where  the  coastline  cuts 
them  towards  Caermarthen  Bay  on  the  west ;  but  fortunately  they 
can  be  well  studied  along  the  course  of  the  river  near  Bishopston '" 
(p.  183).     (Here  follows  the  section.)     He  adds  further  on  : — 

**  At  Swansea  we  observe  a  development  of  the  black  shales  and 
cherty  grits  above  noticed,  fining  off  at  Tenby,  where  we  see  black 
limestones  with  Goniaiiies,  the  whole  of  these  beds  so  intervening 
between  the  more  solid  Carboniferous  Limestone  and  Coal-measures 
appearing  as  if  they  were  a  continuation  of  the  black  limestone 
group  of  Devonshire,  above  the  Pilton  and  Petherwin  groups,  thus 
extending,  locally  modified,  into  South  Wales.  Under  this  view 
the  close  of  the  Carboniferous  Limestone  epoch  would,  in  South- 
western England  and  South  Wales,  be  marked  by  a  mixed  deposit 
of  limestone  in  one  part,  an  alternation  of  sands,  mud,  and  limestone 
in  another,  and  by  sands,  black  mud,  and  Carboniferous  limestones 
in  a  third  "  (p.  143). 

^  See  n.  Woodward,  **  On  a  Collection  of  Carboniferoas  Trilobites  from  the  B-inb 
of  the  Hodder,  near  Stonyburat,  Lancashire  "  :  Geol.  Mao.,  1894,  Dec.  IV,  Vol.  1, 
pp.  481-489,  PI.  XI\. 
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EXPLANATION  OP  PLATE  XX. 

^xo.  1.    P4f%Mia  ItiMmi  if).    Lower  Gnlm-meafliizes :     Co<»nbe  Wood,  Coddon 
H!u1,  near  Barnstaple.   Nat.  size.    Mrs.  Coom&rasw&my's  (Miss  E.  M. 
Partridge)  collection. 
^     2.    Ibid.    Hannaford  Quarry,     x  2. 

3.  FhilUpiia  tpattUataj  sp.  noT.    Same  form. :    Coombe  Wood.    Nat.  size. 
Ifr.  Coom&rasw&my*s  collection. 

4.  Ibid.    Orerton  Quarry.    Nat.  size.    Mr.  J.  6.  Hamling*s  collection. 
„      6.    Frottw  CoddafuntiSf  sp.  noT.    Entire  specimen.    Lower  Culm-measures : 

Coombe  Wood,  near  Barnstaple,     x  5.    Mr.  Coom&rasw&my's  coll. 

,,      6.    Ibid.,  pygidium.    Hannaford  Quarry,     x  2.  Mrs.  Coom&rasw&my's  coll. 

If      7.    Ibid.,  oephalon.    Coombe  Wood,     x  3.    Coll.  ditto. 

jf      8.    Ibid.,  entire  specimen.    Same  form.,  loc.,  and  coll.     x  4. 

„      9.    Ibid.,  oephalon.    Same  form.,  loo.,  and  coll.     x  3. 

„    10.    Ibid.,  cephalon.    Same  form,  and  loc.     x  4.    Mr.  J.  G.  Hamling's  coll. 

„    11.    Ibid. ,  entire  specimen.  Same  form,  and  loc.  x  4 .  Mr.  Coom&rasw&n^*s  coll. 

„  12.  JProetutf  sp.,  pygidium.  Same  form. :  Hannaford  Quarry.  Nat  size. 
Mr.  Coom&raffw&my*s  coll. 

„     13.    Fhilliptia  PolUni  (P),  tree  cheek.    Same  form.,  loc.,  and  coll.     x  IJ. 

„  14.  Or{fUhide$JBarkei,sp.Jioy,  Culm-measures  (?) :  Bishopston,  Glamorgan- 
shire.    X  3.    Mr.  F.  Barke's  collection. 

„     15.    Ibid.,  hypostome.    Same  form.,  loc.,  and  coll.     x  3. 


n. — EOPHBYNUS    AND     AlLISD     CaRBONIFEHOUS    AsAOHNIDA. 
By  B.  I.  Pococx,  F.Z.S.,  of  the  British  Museum  (Natural  History). 

(Concluded from  p,  448.) 

Pabt  II. 

2.  Classification  of  Eophrtnus  and  its  Allies. 

Several  Arachnida  allied  to  Eophrynw  preatvicii  have  been  dis- 
covered in  beds  of  Carboniferous  age.  Of  these  the  only  species 
known  to  me  as  belonging  unquestionably  to  the  genus  ^aphrynua 
that  has  been  properly  described  and  figured  is  the  form  from 
Silesia  named  Eophrynus  (in  error  written  £!upkrynu8)  aalmi  by  Star.* 
The  type  is  27  mm.  in  total  length,  the  prosoma  being  8  long  and 
the  opisthosoma  19  long  and  14  wide.  The  last-named  region  is 
thus  considerably  narrower  in  relation  to  its  length  than  it  is  in 
BL  presivicii.  Apart  from  this,  it  is  noticeable  that  the  admedian 
dorsal  tubercles,  except  on  the  second  and  third  terga,  are  much 
smaller  than  the  laterals. 

Haase  '  has  characterized  a  third  species  of  Eophrynus  as  E.  aiuri. 
It  is  said  to  be  intermediate  between  E,  preatvicii  and  E,  aalmi 
in  having  the  joints  of  the  lateral  tergal  laminsd  less  distinct 
than  in  the  latter,  and  more  distinct  than  in  the  former.  Haase's 
knowledge  of  E,  preaiviciij  however,  was  derived  from  the  figure 
of  the  type  from  which  the  artist  omitted  the  sulci  in  question. 
As  already  described,  they  are  well  developed.  Hence  any  inference 
that  is  based  upon  their  assumed  absence  is  erroneous.  It  seems 
probable  that  the  degree  of  their  distinctness  in  any  given  case 
is  more  likely  to  be  attributable  to  the  state  of  preservation  of 
the  fossil  than  to  a  natural  structural  variation.  Lastly,  it  appears 
to  me  that  before  the  specific  distinctness  of  the  three  forms  that 

'  Abh.  k.k.  geol.  Reich.,  vol.  viii  (1877),  pt.  2,  Vorwort,  p.  v,  with  figure. 
*  Zeitachr.  deutsch.  geol.  Ges.,  toI.  xlii  (1890),  p.  64, 
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have  been  desoribed  as  presivieii,  aalmt,  and  Bturi  be  nnieaervedly 
admitted,  the  type-Bpeoimens  most  be  oarefolly  oompared  togediar. 

Another  species  that  has  been  assigned  to  the  genus  JSophnfnm  m 
the  form  that  was  described  by  Dr.  Woodward  as  JBracAypy^s  earbami, 
the  principal  synonymy  of  which  is  as  follows : — 

Braehypyge  earhontM,  Woodw. 

Braehypyge  carbonis,  H.  Woodw. :  Gbol.  Mao.,  Deo.  II,  Vol.  V  (1878),  pp.  433-6, 
PI.  XI ;  id.,  Bull.  Acad.  Belg.  (2),  toI.  zIy  (1878),  No.  4,  pp.  410-415, 
with  plate. 

Anthraeomarttu  earbonity  Scadder :  C  Jt.  Soc.  Ent.  Bdg.,  Td.  zxix  (1885),  pp.  84-8S. 

Eophrynut  ear  bonis,  H.  Woodw.:  Gbol.  Mao.,  Dec.  Ill,  Yd.  IV  (1887),  p.  49 
(footnote) ;  Q.J.G.S.,  yoI.  lu  (1896),  p.  dx. 

This  species  is  represented  by  eight  somites  of  the  opisthosomi, 
exposed  from  the  dorsal  side.  The  possibility  of  the  oorrespondenoe 
of  these  to  the  nine  tergal  plates  of  EophrynuB  preMtvieU  by  the 
complete  fusion  of  the  original  second  and  tiiird  to  oonatitnte  the 
large  second  tergal  plate  of  the  fossil,  has  been  already  diaciused 
(of.  auprOf  Ft.  I,  p.  444).  The  somites  have  the  same  general  form  and 
structure  as  in  EophrynuSt  Kreiacheria,  and  AnthracomariuM,  but  differ 
markedly  in  that  the  edges  of  the  lateral  laminae  are  emarginste 
with  projecting  anterior  and  posterior  angles.  .  This  stractaral 
modification  gives  rise  to  the  characteristically  scalloped  appearsnoe 
of  the  borders  of  the  opisthosoma.  The  latter  is  wider  than  long; 
its  central  area  is  raised  into  an  axial  elevation  due  to  the  develop- 
ment of  a  bilobed  excrescence  on  each  of  the  terga,  that  of  the 
second  being  exceptionally  large  and  recalling  the  tubercular 
eminence  on  the  third  tergal  plate  of  JSophrynus  prestvieiu  No 
lateral  laminsB  are  present  upon  the  first  or  second  plates,  whidi 
were  themselves  possibly  fused ;  and  the  last  tergum  visible  on  the 
dorsal  side  is  exceptionally  large  as  compared  with  the  homologooi 
plate  in  Eophrynua  preatviciL 

Nearly  allied  to  but  apparently  quite  distinct  from  the  foregoiog 
species  is  the  following,  to  which  I  am  compelled  to  give  a  new  name : 

Braehypyge  celtiea,  sp.n. 

Eophrynus  carboms^  Howard  &  Thomas  :  TranH.  Cardiff  Nat.  Hist.  Soc.,  Tol.  xxriii 
(1896),  pt.  1,  pp.  1-2,  ligs.  A  and  c.     {Nee  "Woodward.) 

This  species  is  also  represented  only  by  the  opisthosoma;  bat 
although  the  ventral  surface  instead  of  the  dorsal  is  exposed,  it 
presents  three  characteristics  in  which  it  difiers  markedly  from  the 
opisthosoma  of  B,  carboniaf  Woodw.  In  the  first  place  it  is  mach 
wider  than  long,  in  the  second  place  the  second  somite  is  con- 
siderably  wider  than  the  first,  and  in  the  third  place  both  the  fint 
and  second  somites  are  furnished  with  lateral  laminsa  similar  in  fom 
to  those  of  the  somites  that  follow. 

It  consists  of  nine  somites,  in  addition  to  the  anal  valve.  The 
first  and  second  show  very  distinctly  the  impression  of  the  missing 
coxa  and  trochanter  of  the  last  appendages  of  the  prosoma,  which 
were  overlapped  by  their  laterally  expanded  dorsal  area.  There  is  an 
angular  depression  in  the  middle  of  the  posterior  half  of  the  sixth 
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and  Beventb,  and  a  narrow  transverse  depression,  identified  by  the 
desoribers  as  a  stigma,  on  the  posterior  border  of  the  lateral  portion 
of  the  third,  fourth,  fifth,  sixth,  and  seventh  somites.  The  lateral 
laminae  and  the  sides  of  the  last  somite  are  conspiouously  pitted. 

The  type-speoimen  of  Braehypyge  earbonia  was  originally  described, 
in  1878,  by  Dr.  Woodward  as  the  abdomen  of  a  Braohyurous  Deoapod 
Crastacean,  to  which  in  a  general  way  it  certainly  bears  a  resemblance. 
Greinitz,  and  independently  Scudder,  were  the  first  to  suggest  its 
probable  Arachnid  natare.  This  suggestion  was  subsequently 
adopted  by  Dr.  Woodward.*  Haase,  however,  who  in  1896  published 
bis  critical  revision  of  the  Carboniferous  Aracbnida,  rejected  the 
later  view,  and,  readdpting  in  snbstance  Dr.  Woodward's  onginal 
supposition,  held  the  specimen  to  be  the  abdomen  of  an  Anomurous 
Crastacean  allied  to  IAihode$.  That  Oeinitz  and  Scudder  were  right, 
is  shown,  I  think,  by  the  discovery  by  Howard  &  Thomas  of  the 
species  here  named  Braehypyge  celtica,  which  is  certainly  referable 
to  the  same  section  of  the  animal  kingdom  as  AnthraeomariuM 
and  EaphrynuB,  and  at  the  same  time  shows  great  similarity  to 
B.  earbonia. 

The  fossil  described  as  Kreiacheria  wiedei  by  Geinitz '  is  obvioosly 
nearly  related  to  Eophrynu8f  as  has  been  insisted  upon  by  Scudder' 
and  Maase. 

Although  the  tubercles  are  fewer  in  number  and  restricted  to 
tihe  median  portion  of  the  terga,  the  opisthosoma  is  in  a  general 
way  practically  identical  structurally  with  that  of  Eophrynua,  even 
to  the  presence  of  a  spiniform  process  upon  the  posterior  angle 
of  the  lateral  lamina  of  the  seventh  and  eighth  terga.  The  question 
of  the  homology  of  the  anterior  terga  has  been  already  discussed. 
It  may  be  added,  however,  that  although  the  second  tergum  is  longer 
than  the  first  or  third,  its  median  tubercles  are  absent  instead  of 
enlarged  as  in  the  third  tergum  of  Eophrynua.  The  carapace,  too,  is 
very  similar  to  that  of  Eophrynua^  though  less  corrugated.  Its  medicui 
area  is  elevated,  and  its  lateral  area  transversely  grooved  and  hori- 
zontal. There  is  this  difierence,  however,  between  the  two.  In 
Kreiacheria  the  posterior  horizontal  area  is  considerably  longer  than 
in  Eophrynua ;  the  central  fovea  extends  forwards  as  a  long  and  deep 
groove  past  the  middle  of  the  elevated  area,  which  is  sharply  con- 
stricted in  its  anterior  portion.  The  area  in  front  of  the  constriction 
Is  about  as  wide  as  long,  and  bears  a  pair  of  large  eyes  in  its  centre. 
Biovably  attached  to  its  fore  margin,  there  is  said  by  Haase  to  be 
%  separate  transverse  skeletal  piece.  The  presence  of  this  frontal 
sclerite  in  Kreiacheria  and  its  apparent  absence  in  Eophrynua  were  the 
Qiain  characters  upon  which  Haase  relied  in  referring  these  genera  to 
iifferent  families,  the  Kreischeriidae  and  Eophrynidas.  Considering, 
bowever,  how  closely  related  the  two  are  in  other  respects,  I  cannot, 
without  further  evidence,  believe  in  the  reality  of  this  difiference, 

^  See  H.  Woodward,  Presidential  Address  to  the  Geological  Society,  1896,  vol.  Hi, 
p.  cix. 
*  Zeitschr.  deutsch.  geol.  Ges.,  vol.  xxxiv  (1882),  p.  238,  pi.  xiv. 
'  Proc.  Amer.  Acad.  Arts  and  Sci.,  vol.  xx  (1885),  p.  17. 
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and  moflt  hold  that  if  this  frontal  plate  was  prosent  in  £nudcria 
it  was  also  present  in  Eopkryiaa ;  and,  oonvetBel;,  if  it  ms  alMent 
in  Eophrynut,  as  appears  to  be  the  case,  Haaae  probablj  put 
a  wrong  interpretation  upon  the  straotare  he  described  aaai 
'  Stirnsohild.'  In  short,  I  see  no  reason  for  dissentiiig  from  S( 
view  that  the  two  genera  belong  to  one  and  the  aame  fomily. 


Fw.  1. 

A. — Doi?al  surface  iil'  Eophriinui  pretltieii.  i-vi.  appendflgts  of  the  proeooia ;  f- 
cnrnpuce  :  prtgtn.  Iff.  U-Tgam  of  jiregenitul  Mtrment;  I  tg.  (gm.)  ter)nun  of  ^^ 
m  Kcnitiil  aej^ent  <>f  oiiistliosomn ;  'llg.-ltg.  icqp.  nf  second,  seTenlh,  'I'l 
iDtvneninf;  K'jjimuutt  Willi  movable  lateral  Iniainru  ;  fitj.  ter^um  nf  a^<\i 
KjtyovMt  with  niDvablc  lateral  laminnj  and  immcivuble  posterior  medinn  lamini. 

fl. — Ij'itvnil  view  of  carnpnee,  the  ontiTior  crticmily  to  the  left,  the  poaterior  la  ll"^ 
ri^ht.    0.  '  ocular '  pit  on  thu  luedian  lobe. 

C. — Viiutral  surface.  Il-vl,  cuxal  »renients  of  the  post-oral  appendages  of  the  ptowma. 


>f  liiwt  or  ^nitfll  sifgment  of  opiathosoma ;  2  tt.  ditto  of  tbe  mmvI 
Bcfcmen^  nith  paired  lobes  ;  3  tt.  ditto  of  thud  se^ieut.  «itb  median  depn*'i''° 
nnd  luterBllf  elei'aled  jxifteTior  border  ;  -Iff.-Hft.  ditto  of  the  fourth,  ei^thtli.  iDil 
intencning  sej^cntii,  witli  paired  tuberek'9  ;  9  tl.  ditto  of  the  ninth  or  pre-ansl 
Hr^ent;  Sfg.  lower  nurfnee  of  medinn  lamina  of  ter^m  of  eighth  ><e^iiical ; 
9  Ig.  terf^il  area  of  ninth  siigmcnl ;  10  Ig.  anal  operculum  or  tergul  pbte  <'i  ^^ 
tt^nth  segment. 

ProTisionallj,  at  all  events,  I  think  Brachypyge  may  bo  allows^ 
to  stand  as  a  distinct  genus.  It  baa  been  dropped  as  a  synon^ 
both  of  Eophry nns  aaH  Attlbraeomartttt,  without  the  certainty  of  if 
identity  with  eiliier.  Indeed,  until  the  structure  of  the  prowBW 
18  known,  the  genua  coniiot  w\t,h.  ossuranoe  be  referred  either  to 
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the  EoldiiTiiidB  or  Acthraoonutrtids.  The  two  Bpooies  hen 
URgned  to  it  nHmble  esob  other,  and  differ  from  the  known  fomu 
of  me  other  genera  in  oertain  obaraoters  of  whioh  the  value  oannot 
Monntelj  be  wewad  on  aooonnt  of  aoaroity  of  matenal  wherewith 
to  teet  their  oanitanar.  Pending  the  disooTery  of  thia  desirable 
addition  to  our  knowledge,  it  ia  a  matter  of  indifferenoe  whether 
we  elaasify  Brackypygt  with  the  Anthraoomartidn  or  EopbryDidte. 


Fio.  2. 

A. — Ventral  view  o(  opistbowimn  of  Braehypyge  cillira  (nflet  Howard  i  Thomae), 
with  lettering  &k  in  Fig.  1,  C,  with  the  additiuD  of  imp.,  muikiag  the  iluprvsaiou 
of  the  COM  of  the  Birth  appcndaip;. 

B.  —  Donal  view  of  Anlhracomarfui  palalinw,  atter  AromoD.      car.  cnmpncu  ; 

o.  eree.  Letlering  of  the  opb-thosomn  aa  in  Ft^.  1,  A  und  C,  the  iiej,iiu'uti< 
rnvked  SIff.,  \Olg.,  nnd  9tl.  iudicated  hy  dotted  liaen  to  ehnw  their  iHMition 
beneath  the  eighth  segment  with  jta  lateral  DiovaUu  and  median  inicnovablu 
laminte  (8  Ig.). 

C,  D. — Uotsa]  and  ventral  vieu'.4  of  pnitcrior  end  nf  flpisthoBomn  of  AalAraeomartai 

velitlianiu,  Earsch  (after  IXuaai.').     Lettering  iw  in  the  fon'guiug  tiguri?. 

The  following  table  will  perhaps,  as  well  as  another,  represent 
the  affiuiliea  of  the  genera : — 

a.  Caiapace  nith  its  (tor«i]  area  Autti^ti  or  cvcclf  convex  from  xide  to  »ido,  un- 
difFerentisUd  into  a  medinn  ekvutul  and  a  laltml  linrijuatal  luca,  and  without 
strongly  maihed  median  and  l.iterul  muscular  impntwiuos. 

Fam.  AVTHUACDKAHTIDX. 

a'.  Free  edges  of  the  lateral  tei^-ul  liimin;u  of  the  apistho»nma  cuucave,  witli 

projecting  apiniform  iingk*     BraiAy^yyc,  Woodw. 

b'.  Free  e<^e8  of  the  laterul  li.Tgal  lamimo  evenly  cenroi,  forming  a  contiuuous 

cune         Antkracamarliii,  Eanch. 

i.  Carapace  with  ita  dontal  eurfncu  differentiated  into  a  median  clevattKl  area  and 
a  horizontal  lateral  area :  the  mediaD  and  lateral  muscular  imprewians  deep : 
edges  of  tergal  laminie  uf  opisthwiomn  convex  at  in  AnlAraeemarliu,  but  the 
poalerior  ouglea  of  the  Bevontb  and  eighth  spiniform ...     Fwn,  Sf^vKKv-f-v^B.. 
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a*.  Carapace  with  its  posterior  horixontal  area  short,  the  median  museiilar  fom 
iorming  an  angular  notch  in  the  posterior  border  of  the  derated  area. 

JSophtynut,  Woodw. 

^.  Carapace  with  its  posterior  horizontal  area  relatirely  lonjg;,  the  median  mnscokr 
fovea  forming  a  deep  lon^tudinal  groove  extendmg  forwards  past  tiie 
middle  of  the  median  elevation      JErmeAjrui,  Geii. 

With  the  genoB  Anthraeomartus  it  is  needless  here  to  desl.  So 
far  as  I  know,  it  ohiefly  differs  from  Eophrynua  and  KreUekeria  in  the 
stracture  of  the  carapace,  which,  instead  of  being  mesially  elevated 
and  laterally  horizontal  and  grooved,  has  a  flattened  or  slightly 
convex  undifferentiated  dorsal  surface.  A  pair  of  small  median 
eyes  has  been  detected  by  Ammon  in  A.  palatinuB. 

3.  Taxonomy  of  the  Anthbaoomabti. 

Of  the  various  attempts  that  have  been  made  to  classify  these 
Carboniferous  Araehnida  and  to  give  them  their  true  position  in 
the  class  to  which  they  belong,  Haase's  is  unquestionably  the  most 
successful. 

Scudder  included  such  heterogeneous  elements  under  the  Anthruo- 
marti  that  no  satisfactory  definition  of  the  order  was  poasiUei 
Moreover,  he  severed  Anthracomartus  from  EophrynuB  and  Krei$chma, 
classifying  it  with  Geraphrynus  and  Architarhua  under  the  Ardii- 
tarbidee,  and  thus  failed  in  his  diagnosis  of  both  families.  Haise^ 
on  the  contrary,  recognized  the  close  relationship  between  Eophrfunf 
Kr^Bcheriay  and  AnthracomartuBy  and  rightly  restricted  the  tenn 
Anthraoomarti  to  these  three  genera. 

His  appreciation  also  of  the  affinities  between  the  Anthraoomarti 
<ind  recent  Opiliones  was  a  great  advance  in  the  taxonomy  of  fossil 
Araehnida.  It  may  be  doubted,  however,  whether  his  classification  of 
the  Opiliones  into  the  four  suborders  Fbalangiotarbi,  Anthracomaiti, 
Laniutores,  and  Palpatores  is  one  that  represents  in  a  true  light 
the  affinities  between  the  forms  included.  On  the  position  of 
Phalangiotarbi  I  do  not  wish  to  give  an  opinion  until  an  examination 
of  the  fossil  is  possible  ;  but  it  seems  to  me  that  what  we  now  know 
of  the  Anthraoomarti  justifies  the  conclusion  that  if  this  group  be 
included  in  the  Opiliones  it  must  be  given  a  rank  equivalent  to 
the  Laiiiatores,  Palpatores,  and  Anepignathi  or  Cy phophthalmi ^ 
the  Opiliones  veri  —  taken  together.  These  three  suborders  are 
distinguished  by  the  sum  of  a  number  of  characters,  many  of  which, 
such  as  the  armature  of  the  palpi,  the  numbers  of  claws  on  the 
legs,  etc.,  admit  of  exceptions,  and  no  one  of  which  is  perhaps 
in  itself  of  subordinal  value.  On  the  other  hand,  they  resemble 
each  other  and  differ  from  the  Anthraoomarti  in  certain  stmctural 
features  of  sufficient  taxonomic  importance  to  admit  of  their 
association  in  one  group,  which  may  be  termed  the  PhalangiomorphSy 
equivalent  to  the  Anthracomarti. 

The  two  may  be  distinguished  as  follows  : — 

a.  The  pro<K)ma  and  opisthosoma  not  immovably  welded  together,  but  freely  articulated 
to  one  another,  as  in  all  the  primitive  *t}'pes  of  Araehnida.  The  segments  of 
the  opiijtbosorau  also  apparently  jointed  by  tlexible  arthrodial  membrane.  Tbt 
latenu  mar^ns  of  the  torga  produced  into  large  lamina;,  secondarily  divided  by 
a  joint-forming  «nic\Ls  iioin. l\i(b  ^lyli^V -^itlon  of  the  somite.    Basal         "^ 
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of  tiie  third,  fourth,  and  fifth  pairs  of  appendages  movable  and  se^iarated  by 
a  wide  sternal  area,  which  was  membranous  at  the  sides  and  furnished  with 
a  median  longitudinal  sternal  plate,  extending  anteriorly  bet^'een  the  coxa;  of 
tiie  appendages  of  the  third  pair  (first  pair  of  walking-legs). 

AXTHKACOKARTI. 

I.  Prosoma  and  opisthosoma  not  movably  jointed  together,  and  at  least  the  anterior 
four  somites  of  the  opisthosoma  fused.  Jjateral  portions  of  terga  and  sterna 
of  opisthosoma  not  produced  into  movably  jointed  laminw.  Coxie  of  the 
posterior  appendages  free  or  united  to  the  prosoma,  the  sternal  region  of 
which  is  reduced  to  a  narrow  longitudinal  sclerite  by  the  encroachment  of  the 
appendages  towards  the  middle  line,  or  to  a  short  transverse  plate  by  the 
forward  movement  of  the  sternal  elements  of  the  anterior  somites  of  the 

opisthosoma     PllALANOIOMORPHAi. 

Bat  whether  the  definition  of  the  Opiliones  be  extended  to  include 
the  Anthraoomarti  or  whether  the  latter  be  regarded  as  an  order 
apart,  are  qaestions  of  subordinate  importance.  The  chief  interest 
ftttacbed  to  these  Carboniferoas  Arachnida  lies  in  the  fact  that, 
setting  aside  the  development  of  the  specialized  tergal  laminee,  the 
oharaoters  in  which  they  differ  from  the  Opiliones  serve  to  link 
the  latter  to  the  Fedipalpi.  The  fusion  of  the  prosoma  with  the 
opisthosoma,  and  of  more  or  fewer  of  the  tergal  plates  of  the  latter 
r^on  with  each  other ;  the  reduction  in  number  of  the  segments 
of  the  opisthosoma  to  ten,  including  the  anal  valve,  or  eight ;  the 
immobility  of  the  coxsb  of  the  appendages  and  their  admedian 
approximation  on  the  lower  side  of  the  prosoma,  accompanied  by 
the  reduction  in  size  of  the  sternal  sclerite,  are  a  few  of  the  many 
snpecialized  features  of  the  Opiliones.  But  since  the  Araobnida  of 
this  order  are  descended  from  forms  in  which  the  opisthosoma 
consisted  of  twelve  separately  jointed  segments  and  was  movably 
articulated  to  the  prosoma,  and  in  which  the  appendages  of  this 
region  were  freely  movable  and  were  separated  by  a  broad  sternal 
area  furnished  with  a  large  sternal'  plate  or  plates,  the  existence 
of  forms  antecedent  to  the  Opiliones  and  occupying  an  intermediate 
position  between  them  and  the  primitive  type  is  a  necessity  demanded 
by  the  theory  of  descent,  llie  nearest  known  allies  to  these 
antecedent  forms  are,  I  believe,  the  extinct  Arachnida  belonging  to 
the  Carboniferous  Anthraoomarti. 

III.  —  The  Basalt  op  the  Moabite  Stone. 

By  Professor  T.  G.  Boxxey,  D.Sc,  LL.D.,  F.R.S. 

A  BLOCK  of  basalt,  bearing  an  ancient  inscription  in  a  Semitic 
language,  was  discovered  in  1868  at  Dhiban  (the  Dibon  of 
Scripture)  by  the  Rev.  F.  A.  Klein,  of  the  Jerusalem  Mission  Society. 
This  block,  which  measured  3'  10"  x  2'  0"  x  1'  2-5",  proved  on 
examination  to  have  been  erected  by  Mesha,  King  of  Moab  about 
890  B.O.,  and  to  refer  to  the  war  mentioned  in  2  Kings  iii.  A  series 
of  blunders  on  the  part  of  those  anxious  to  obtain  this  interesting 
relic  caused  a  quarrel  about  ownership  between  two  Arab  tribes,  and 
one  of  them,  to  spite  the  other,  broke  it  in  pieces.  These,  however, 
were  obtained  by  the  French  Consul  in  Palestine,  and  sent  to 
Paris,  where  they  were  fitted  together  so  far  as  possible^  oxid  iVw^ 
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repaired  stone  is  now  in  the  Louvre  Masenin.^  The  late  Profesior 
E.  H.  Palmer,  on  a  visit  to  Dhiban  in  1870,  pioked  np  a  tmall 
fragment  from  those  still  lying  on  the  spot,  whion  he  gave  to  me  oo 
his  return  to  England.  The  constant  pressure  of  oUier  work  hM 
hitherto  prevented  me  from  examining  the  specimen,  and  I  hafs 
only  recently  had  a  slice  prepared.  The  largest  face  of  the  fragmeot 
measures  ahout  3"  x  2*5",  hut  the  thickest  part  hardly  ezoeeds  half 
an  inch.  The  original  smoothed  surface  of  the  stone,  possibly 
including  part  of  a  letter,  may  be  seen  on  one  of  the  sloping  sides. 

The  rock  apparently  is  in  good  preservation ;  minutely  granalar, 
nearly  black  in  colour,  but  proving  on  a  closer  examination  to  be 
speckled  with  more  than  one  dark  mineral,  and  with  leas  definite 
greyish  spots,  all  very  small.  Its  specific  gravity  (by  a  Walker's 
balance)  is  2*89.  The  slice,  when  examined  under  the  miciosoope, 
exhibits  a  porphyritic  structure,  though  on  a  small  scale,  no  one  of 
the  minerals  exceeding  about  *05"  in  diameter.  They  are: — (a) 
Augite,  not  abundant,  brown  in  colour,  the  grains  presenting  a  rather 
corroded  aspect  both  externally  and  even  internally,  partially 
including,  in  one  instance,  a  small  grain  of  the  next  minenl 
(6)  Olivine,  rather  abundant,  rounded  or  slightly  irregular  in  outline, 
occasionally  showing  a  fairly  well- developed  braohypinaooidal  and 
an  imperfect  macropinacoidal  deavage.  A  brown  staining  hai 
affected  the  exterior  of  most  grains,  and  penetrated  for  a  shoit 
distance  into  cracks.  This,  in  addition  to  a  very  faint  yellowish 
tinge  in  the  ^n*ain8,  shows  the  olivine  to  be  a  rather  ferriferous 
variety,  (c)  Iron-oxide,  hematite,  or  perhaps  ilmenite,  with  a  rusty- 
looking  exterior ;  (d)  felspar :  this,  like  the  last-named  mineral, 
varies  so  much  in  size  that  it  is  difficult  to  draw  the  line  between 
crystals  occurring  porphyritically  and  those  in  the  base.  In  no 
case  do  the  extinction  angles  give  very  decisive  evidence,  but  they 
suggest  that  labradorite  is  at  any  rate  the  dominant  species. 

Tlie  minutely  holoorystalline  ground  mass,  except  for  one  or  two 
small  patches,  consists  of  lath-like  plagioclases,  up  to  about  -004"  in 
length ;  of  stumpy,  not  very  well-formed  prisms  of  brown  augite, 
about  *002'',  and  of  granules  of  iron-oxide.  The  patches,  small '  and 
not  numerous,  are  formed  by  a  fairly  clear  mineral,  which,  however, 
includes  some  very  minute  films,  giving  bright  polarization  tints,  its 
own  beinp:  very  low,  not  rising  above  a  greyish  or  slightly  pinkish 
white.  Each  patch  generally  consists  of  two  or  three  grains,  and  ii 
without  a  definite  external  form.  The  small  felspars  and  augites 
are  sometimes  included  by  or  project  into  these  patches  from  the 
surrounding  matrix,  which  has  no  regular  boundary.  The  mineral 
resembles  a  lime  carbonate  (there  is  no  distinct  cleavage),  and 
I  observed,  on  applying  some  hydrochloric  acid  to  the  cut  surfaoe, 
a  rather  brisk  efifervescence  at  a  number  of  points  ;  hence,  I  conclude 
it  must  be  calcite,  probably  not  very  pure.     But  though  it  ocean 

*  Palmer:  **  Desert  of  the  Exodus,'*  pt.  2,  eh.  x.  For  the  inscription  we 
r;insl)urp:,  '*  Moabite  Stone."  A  figure  and  succinct  account  are  given  in  Cnambers' 
Encyclopjcdia,  p.v.  Moahite  Stone. 

-  Tlie  diameter  of  the  largest  is  about  -OS". 
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Bporadioallj  it  does  not  seem  to  fill  a  cavity,  or  to  haye  replaced 
a  leas  stable  species  of  felspar,  which  indeed,  as  the  rock  is  in  good 
preservation,  is  hardly  probable.  So  I  think  the  mineral  mast  have 
been  present  as  a  coostituent  when  the  rock  was  molten,  and  can 
only  suppose  that  the  latter,  on  its  ascent  to  the  surface,  caught 
up  some  intervening  limestone,  and  the  pressure  sufficed,  as  in 
a  case  of  contact  metamorphism,  to  prevent  the  dissociation  of  the 
carbonate,  which  here  and  there  retained  its  identity  in  the  viscid 
mass.^  This  occurrence  in  such  a  rock  as  basalt,  is,  I  think,  rather 
unusual. 

lY. — The  Cenomanian  Overlap. 

By  A.   J.   Jvkbs-Browxb,    B.A.,    F.G.S. 

THAT  the  Upper  Cretaceous  deposits  overlap  those  of  the  Lower 
Cretaceous  series,  and  extend  over  much  larger  areas  throughout 
the  whole  of  western  and  central  Europe,  are  facts  which  have  long 
been  familiar  to  all  European  geologists.  There  has,  however,  been 
a  tendency,  especially  in  France,  to  imagine  that  the  subsidence  to 
which  the  overlap  is  due  took  place  at  one  particular  epoch,  namely, 
the  Cenomanian,  and  that  this  subsidence  was  so  rapid  and  profound 
that  it  caused  the  Upper  Cretaceous  Series  to  be  sharply  marked 
off  from  the  subjacent  strata  by  the  so-called  '  Cenomanian 
transgression.' 

Moreover,  some  French  geologists  so  magnified  the  importance  of 
this  transgression  that  they  regarded  it  as  a  criterion  for  deciding 
whether  a  given  stage  or  zone  should  be  classified  as  Lower  or 
Upper  Cretaceous.  Their  views  have  doubtless  had  much  influence 
upon  Continental  opinion,  and  are  largely  responsible  for  the  classi- 
fication which  places  the  '  Albian '  in  the  Lower  Cretaceous  Series, 
and  for  the  uncertainty  as  to  whether  the  zone  of  Am,  (Schlceribaehia) 
ro8trcUu8  should  be  grouped  with  the  Albian  or  the  Cenomanian. 

In  England  there  ha»  never  been  any  such  doubt;  we  have 
always  included  the  Oault  (Albian)  in  the  Upper  Cretaceous  Series, 
and  have  regarded  it  as  partaking  in  the  transgression  of  that  series 
beyond  the  limits  of  the  Yeotian  or  Lower  Green  sand. 

The  French  view  dates  from  the  time  of  D'Orbigny,  who  wrote 
in  1840  as  follows : — "  From  the  time  of  the  oraie  cbloritee  (which 
he  afterwards  called  Cenomanien)  we  see  that  the  whole  aspect 
of  the  Cretaceous  seas  was  changed.  ...  At  about  this  epoch 
the  extension  of  the  seas  both  in  France  and  throughout  Europe 
was  at  least  double  that  which  they  had  at  the  time  of  their  first 
invasion  of  the  region  in  the  Neocomian  period.''  This  generalization 
may  have  been  in  accordance  with  the  knowledge  of  D'Orbigny's 
time,  but  is  not  maintainable  in  the  light  of  more  recent  investigations. 
It  should  be  remembered  that  when  D'Orbigny  thus  wrote,  and  for 
many  years  afterwards,  he  believed  that  there  was  a  marked  dis- 
cordance between  the  Albian  and  the  Cenomanian  deposits,  and  that 

^  For  cases  of  the  imperfect  di<^estion  of  a  carbonate  in  an  i^eous  mass,  see 
J.  Parkinson,  Q.J.G.S.,  Ivii  (1901),  p.  198,  and  A.  K.  Coomarasw&my,  id.,  lyiii 
(1902),  p.  399. 
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no  representative  of  the  former  existed  on  the  coast  of  Normandy  nor 
in  the  departments  of  Ome  or  Sarthe.  We  now  know  that  there  if 
no  such  discordance,  only  an  overlap,  and  that  the  Albian  (both  as 
Oanlt  and  Gaize)  occurs  in  Normandy  as  well  as  in  the  Ome. 

It  is  therefore  satisfactory  to  find  that  some  French  geologists 
are  beginning  to  see  that  the  Cenomanian  transgression  was  only 
part  of  a  general  Cretaceous  transgression,  which  was  dne  to  a  great 
and  continued  subsidence,  and  not  to  a  specially  extensive  subsidenoe 
at  the  beginning  of  Cenomanian  time.  M.  de  Qrossouvre,  in  a  paper 
read  at  the  meeting  of  the  French  Association  for  the  Advanoement 
of  Science  in  1901,  has  protested  against  the  accepted  view  of  the 
<  Cenomanian  transgression/  and  his  remarks  are  so  decisive  that 
they  deserve  a  larger  audience  than  that  to  which  they  were  specially 
addressed.  From  them  I  quote  the  following  translated  paragraphs:— 

**  To  begin  with,  it  is  essential  to  point  out  that  this  transgression 
was  not  a  sudden  and  almost  instantaneous  phenomenon,  and  that 
on  this  account  it  cannot  be  considered  as  a  disturbance  of  a  definits 
date  furnishing  everywhere  a  clearly-marked  point  of  departure. 

"  Let  us  examine,  for  example,  what  happened  in  the  northern 
and  central  parts  of  Europe.  We  know  that  large  areas  were  raised 
into  land  toward  the  close  of  Jurassic  time ;  then  with  the  opening 
of  the  Lower  Cretaceous  era  we  perceive  the  sea  advancing  from 
the  Mediterranean  region  to  invade  by  degrees  the  territories 
which  it  had  temporarily  abandoned.  In  one  place  it  is  the 
Spaiangus  limestones  (Neocomian)  which  rest  on  the  Jurassic;  in 
another  it  is  the  sands  with  Am,  AiiUeii,  or  the  clays  of  the  zone 
of  Am,  mammillaris  ;  elsewhere  it  is  the  zone  of  Am,  inflatua  which 
commences  the  transgressive  series. 

'*This  slow  and  continued  progress  of  the  invasion  of  the 
continental  area  by  the  sea  is  observ'ablo  not  only  in  northern  and 
central  Europe,  but  can  be  traced  iu  nearly  every  part  of  the  glohe. 
.  .  .  [References  are  here  given  to  the  transgression  in  North 
America,  Brazil,  and  West  Africa.] 

"  I  content  myself  with  these  few  examples,  which  it  would  be 
easy  to  multiply,  and  from  the  above  statements  I  think  I  may 
safely  draw  the  conclusion,  that  the  Cenomanian  transgression 
represents  only  one  phase  or  episode  in  a  long  period  of  slow  and 
continued  transmutation,  which  can  be  followed  from  the  very  dawn 
of  the  Cretaceous  era.  Moreover,  the  movement  did  not  stop  with 
the  Cenomanian  epoch,  and  I  could  show  that  it  was  continued  up 
to  the  end  of  Campanian  time  (Upper  Senonian). 

*^  It  has  been  said  that  at  the  epoch  of  the  Am.  injlatus  beds  it 
was  so  pronounced  that  it  constitutes  by  this  very  circumstance  an 
exact  chronological  datum  which  can  everywhere  be  recognized. 
This  in  my  opinion  is  another  mistake,  for  if  at  many  points  the  beds 
with  Am,  injiatns  are  seen  in  transgression  over  the  older  deposits^ 
in  many  other  places  we  can  see  the  free  Cenomanian  resting  directly 
on  the  Jurassic  and  sometimes  on  the  Primary  rocks.  Is  it  not  so  at 
Mans,  where  D'Orbigny  took  the  type  of  his  stage  ?  In  Aquitaine. 
at  Essen  in  Westphalia,  in  Bavaria,  in  Saxony,  Bohemia,  CkdioiSr 
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And  oyer  the  g^reater  part  of  the  Russian  platform,  the  base  of  the 
overlapping  Cenomanian  does  not  show  any  trace  of  the  beds  with 
Am.  infiatuiJ* 

By  the  "  free  Cenomanian  "  he  olearly  means  the  apper  or  trae 
Oenomanian,  free  from  the  zone  of  Am.  roatraiui  (inflaiua) ;  the  zone 
of  Am.  fmriana  having  overlapped  that  of  Am.  roatratus,  jast  as  the 
latter  has  overlapped  the  Lower  Ganlt  with  its  zones  of  Am.  inierruptuB 
and  Am.  marnmillaria.  He  oondndes  by  showing  that  the  generality 
of  the  special  Cenomanian  transgression  has  been  much  exaggerated ; 
that  Cenomanian  deposits  are  absent  in  some  parts  of  France, 
Switzerland,  Spain,  North  Africa,  and  America ;  and  that  subsidence 
of  one  region  has  generally  been  compensated  by  the  upheaval  of 
some  neighbouring  region. 

We  may  hope  that  this  vigorous  protest  will  go  far  toward  dis- 
pelling the  false  conception  of  a  special  Cenomanian  subsidence  and 
transgression  which  has  so  long  been  one  of  the  fixed  opinions  of 
Continental  geologists.  The  transgression  exists,  but  should  be 
deaoribed  as  the  Cretaceous,  not  the  Cenomanian,  transgression. 

It  may  well  be  that  the  extent  of  surface  gained  by  the  sea  of  the 
Cenomanian  or  Lower  Chalk  age  in  Europe  was  greater  than  that 
gained  during  any  previous  stage  of  the  Cretaceous  period,  but  the 
extent  of  such  an  invasion  of  the  sea  depends  not  only  on  the  amount 
of  vertical  subsidence  but  also  on  the  slope  of  the  area  invaded ; 
thus  a  subsidence  which  would  carry  the  sea  only  20  yards  up 
a  steep  slope  might  carry  it  20  miles  over  a  fairly  level  plain. 
It  is  therefore  very  probable  that  those  regions  where  Cenomaniau 
deposits  form  the  basement-beds  of  the  Cretaceous  Series  over 
a  large  extent  of  country  were  broad  terrestrial  plains  during  the 
formation  of  the  earlier  Cretaceous  strata ;  and  that  the  subsidence 
which  carried  the  sea  over  them  was  not  more  rapid  nor  vertically 
greater  than  the  subsidence  which  occurred  in  the  preceding 
Selbornian  stage  or  in  that  of  the  succeeding  Turonian. 


y.  —  Notes    on    the    Fossils    of    the    Silurian   Abea   of 

Nobth-East  Ibeland.^ 

By  R.  Clark,  Esq. 

IT  would  be  difficult  after  the  closest  investigation  to  add  much 
to  the  exhaustive  list  of  species  given  in  the  excellent  paper 
on  this  subject  which  was  read  by  Mr.  Swanston  before  the 
Belfast  Naturalists  Field  Club  some  twenty  -  five  years  ago. 
In  that  paper  reference  is  made  to  the  classification  by  the 
Geological  Survey  of  the  rocks  of  the  district,  under  the  general 
heading  of  Lower  Silurian.  Subsequently  to  the  publication  of 
the  maps  of  the  nrea,  the  information  as  to  the  Silurian  fauna 
was  greatly  extended  by  the  labours  of  Professor  Lapworth  and 
Mr.    Swanston,   to   whom   science    is    so   largely   indebted.     The 

*  Bead  before  the  British  Association,  Belfast,  Sept.  1902,  in  Section  C  (Geolog^'). 
Commiinicated  by  permission  of  the  Director  of  the  GcologicsA.  ^\]i\e'^ . 
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completion  of  the  ane'inek  G^Iogioal  Mi^  of  Lreland  enaUed  tho 
revifiion  of  work  done  in  the  earlier  stages  of  the  Surrey's  existMm 
to  be  undertaken,  and  in  this  revision  the  North-Eaat  SiluuM 
were  amongst  the  first  dealt  with,  and  I  was  detailed  to  aaaick  thi 
most  promising  localities  for  foesib,  and  to  sone  the  beds  in  wfaibb 
they  might  ooonr. 

This  work  was  proceeded  with  nntQ  not  only  the  North*East  aiss 
but  the  Southern  Silurian  districts  also  were  gone  OTor;  and  t 
comparison  of  the  old  series  of  maps  and  the  revised  editions  whioh 
b^Ts  been  published  within  the  past  few  years  will  show  thatths 
results  of  the  collections  made  luive  necessitated  very  oonsideiafak 
alterations  in  the  original  mapping. 

Taking  Coalpit  Bay,  Donaghadee,  as  a  starting-point,  this  prolific 
though  circumscribed  little  area,  afforded  a  key  to  the  vast  proportion 
of  the  Silurian  beds  which  with  slight  interruption  extend  south- 
wards to  the  Atlantic  on  the  Waterford  coast ;  and  although  in  fev 
other  localities  was  the  same  wealth  of  fauna  of  diffsrent  hbrtaoni 
met  with,  it  was  interesting  to  recognize  in  numerous  new  localitisi 
the  occurrence  of  forms  which  enabled  a  ready  recognition  of  the 
exact  position  of  the  beds,  most  of  which  were  typically  represented 
in  the  regular  sequence  of  Coalpit  Bay. 

As  some  time  must  elapse  before  revised  explanations  to  the  new 
editions  of  the  maps  will  be  forthcoming,  brief  notices  of  newer 
hitherto  unrecorded  species,  gaps  filled  up,  and  new  localities  may 
be  interesting  and  useful. 

In  the  district  covered  by  Mr.  Swanston's  paper  it  will  be 
sufficient  to  mention  a  couple  of  localities,  new  or  hitherto  nnreferred 
to.  First  I  would  mention  a  section  cut  through  by  a  small  streSb 
Ht  Lissan,  near  Saintfield  (Sheet  37),  from  which  a  number  of 
specimens  indicative  of  Lower  Hartfell  (Caradoc)  beds  were 
obtained  ;  these  were  mostly  io  a  state  of  excellent  preservation,  and 
amongst  other  species  were  the  following : — 

DiplograpiuB  foliaceus.  Dicellograptua  elegans, 

„  mueronatus.  „  Ibrehammeri. 

„  truncatus,  „  MorrUti. 

Climacograptus  Scharenhergi,  „  Moffaten$h. 

LeptograptuB  flacctdns,  Dicranograptus  ramoMus. 

Pleurograptua  linearis,  Corynoidea  calcularit. 

Glo88ograptu8  Sinckaii.  Siphonotreia  mienla . 

The  second  locality  is  a  small  quarry  in  Holy  wood  Glen  (Sheet  29), 
which  yielded  a  number  of  species  characterizing  this  locality  as  the 
Glenkiln  horizon  (Upper  Llandeilo) ;  principal  amongst  the  forms 
which  occur  here  in  easily  recognizable  condition  being — 

Ccenograptua  gracilia,  Climacograptus  bieomia. 

,f  circular  is.  Dicellograptua  intortua, 

„  per  tenuis,  „  aextans, 

Thamuograptus  typhus.  „  Moffatensiif. 

Ghsftograptns  Ilincksii.  Dicranograptus  ramosus, 

Climacograptus  Scharenhergi. 
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The  absenoe  of  Baatritea  maximui,  Dtcellograptus  ane^s,  and 
JPUurograptuB  linearis  having  been  commented  on  by  Messrs. 
Swanston  and  Lapworth,  it  is  satisfaotory  to  record  that  I  have  sinoe 
found  these  forms,  the  first-named  at  Tieveshilly,  the  second  in  a 
pocket  of  black  slate  in  greenish  mudstone  at  Coalpit  Bay,  whilst 
PlewrograpiuM  linearis  was  collected  from  the  locality  at  Lissan 
pTOYiously  referred  to. 

A  unique  specimen  from  the  Lower  Birkhill  (Llandovery) 
beds  of  Ooalpit  Bay  claims  attention.  It  has  been  identified  by 
Mr.  E.  T.  Newton,  F.R.S.,  as  Berwynia  Carruthersi,  a  Lycopodiaceous 
plant,  originally  described  by  Dr.  Hicks  from  Pen-y-glog  (Q.J.G.S., 
vol.  xxxviii) ;  it  had  not  hitherto  been  recognized  in  Lreland. 

Passing  from  what  may  be  styled  the  Belfast  immediate  area 
towards  the  south  and  south-west,  some  ten  additional  fossiliferous 
localities  were  added  to  those  already  recorded.  From  the  district 
comprised  within  Sheet  48,  they  were,  with  one  exception,  all 
indicative  of  the  Middle  or  Lower  Birkhill  (Llandovery)  horizon, 
and,  save  from  one  locality,  Lough  Erne,  on  the  north-east  margin, 
which  yielded  eight  species  of  Graptolitidas,  the  specimens  obtained 
were  not  well  preserved. 

The  Armagh  district  (Sheet  47)  afiforded  good  and  interesting 
collecting  ground,  though  no  fossils  from  the  Silurian  beds  appear  to 
have  been  previously  recorded.  A  close  examination  disclosed 
numerous  localities  in  both  upper  and  lower  strata,  ranging  from 
Lower  Llandovery  to  Upper  Llandeilo,  this  latter  zone  being  well 
represented  a  little  north  of  Poyntzpass  by  the  occurrence  of — 

Dicellograptus  Moffatensis.  IHeranograptus  ziezac. 

sextans.  Diplograptus  bimueronatus, 

Forchammeri,  Ccsnograptus  gracilis, 

truncatus.  Climacograptus  Scharenhergi, 

Didymograptus  superstes.  Siphanotreta  mictda. 


if 
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These  forms  were  found  in  the  black  carbonaceous,  cherty  band 
generally  associated  with  this  particular  horizon. 

Within  the  radius  of  Sheets  58  and  59,  more  especially  in  the 
north-east  comer  of  the  latter,  finely  preserved  specimens  of  Upper 
Llandovery  Graptolites  were  found  in  the  railway  cuttings  close  to 
the  tunnel  on  the  Newry  and  Armagh  Railway,  whilst  in  the  vicinity 
of  Castleblayney  both  Llandovery  and  Caradoo  specimens  occur  in 
numerous  places.  In  Sheet  68  Ccenograptus  gracilis  was  noted  in 
the  railway  cutting  east  of  Newbliss,  indicating  Upper  Llandeilo. 

Sheet  69  afibrded  substantial  additions  to  the  list  already  published 
therefrom.  Graptolites  were  procured  from  some  twelve  additional 
localities,  and  from  many  of  these  the  specimens  were  obtained  in 
excellent  preservation ;  in  this  respect  those  from  Killyrue,  four 
miles  south-east  of  Cootehill,  are  specially  worthy  of  mention. 

The  known  localities  for  Silurian  fossils  on  Sheet  80  have  been 
much  increased,  and  good  specimens  obtained  of  Lower  Caradoo 
and   Llandovery    species ;    of    the   former    Diplograptus  foliaceus. 
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DieeUograptus,  and  Pleurograpiui  were  indioative,  whilst  the  higher 
zone  is  distinguiBhed  hy  such  as  Manograptm  canvolutus  and  IL  Umd$t 
as  also  DiplograptuM  folium,  or  palmeua,  which  is  somewhat  rare 
outside  the  Coalpit  Bay  distriot 

The  fossils  of  the  Silurian  rooks  of  Sheet  81  are  dealt  with 
rather  fully  in  the  memoirs  of  that  and  the  adjoining  Sheet  91,  in 
whioh  latter  the  distriot  of  Slane  afforded  a  rioh  harvest  of  forms 
vtuigiDg  from  Llandeilo  to  Wenloek.  Sheet  82  had  been  hitherto 
regarded  as  a  barren  area  so  far  as  fossils  were  oonoemed ;  however, 
a  olose  search  disclosed  at  a  couple  of  localities  near  Clogher  Hesd 
the  existence  of  the  zone  of  Monograptm  exiguui,  or  top  of  Upper 
Llandovery,  and  in  addition  to  M,  exigum  beautifully  preserved 
specimens  of  Monograpiua  aitenuaius,  criapuSt  proteu$,  and  Mnferm 
were  procured ;  indeed,  at  no  other  locality  save  Tieveshilly  were  the 
same  peculiar  forms  observed. 


VI. — A    (Pbeliminaby)    List   of    the    Minerals    oooubbing  i5 

Ibeland.^ 

By  Henry  J.  Seymour,  B.A.,  F.G.8. 

THE  literature  dealing  with  Irish  mineralogy  is  rather  extensive, 
much  more  so  than  might  be  at  first  thought,  but  it  is  of  such 
a  scattered  nature  that  to  obtain  at  present  anything  like  a  complete 
account  of  the  minerals  which  occur  in  this  country,  or  in  aoy 
particular  portion  of  it,  would  involve  much  time  and  labour  in 
hunting  up  the  publications  containing  the  various  records.  The 
need  of  some  authentic  work  of  reference  on  the  subject,  revised  to 
date,  was  often  felt  by  the  writer,  who  some  years  ago  set  to  work 
to  collect  together  all  the  data  available,  both  from  published 
records  and  by  means  of  a  personal  examination  of  such  public 
and  private  collections  of  minerals  in  this  country  as  he  could 
gain  access  to. 

This  research  is  not  yet  complete,  but  the  publication  last  year  of 
a  list  of  Scottish  minerals  at  the  British  Association  meeting  iu 
Glasgow  has  induced  the  writer,  in  view  of  the  meeting  of  the  same 
Association  in  Belfast  this  year,  to  publish  a  preliminary  list  of  Irish 
minerals.  This  list  comprises  the  various  species  which  up  to  the 
present  he  is  satisfied  may  be  regarded  as  undoubtedly  occurring  in 
Ireland.  References  were  made  to  the  lists  of  Irish  minerals  which 
have  already  been  published,  the  last  in  1868.  These  have  appeared 
as  appendices  to  lists  from  other  localities,  and  in  publications  now 
out  of  print.  G.  H.  Einahan's  publication  (Economic  G^ol.  of 
Ireland)  dealt  solely  with  metallic  ores  and  a  few  other  economic 
minerals.  In  the  account  whioh  the  writer  hopes  to  have  ready  for 
publication  within  a  year,  the  occurrence  of  Irish  minerals  only  will 
be  mentioned,  together  with  other  important  details  of  interest,  and 

•  Abstract  ot  apajx^r  read  before  the  British  iV^ssociation,  Bcliaiit,  Sept^'mber.  1902, 
in  Section  C  (Geology). 
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aooompanied  by  analyses  when  obtainable.  It  is  also  oontemplated 
to  add  a  Bibliography  of  Irish  Mineralogy.  In  the  above  respeots 
it  will  therefore  be  the  first  pablication  of  its  kind  in  this  oountry ; 
and  the  ohief  aims  of  its  compiler  are :  to  encourage  the  stady  of 
a  mach  neglected  science  in  Ireland ;  to  prevent  the  possibility  of 
anyone  announcing  as  '  new  finds '  minerals  recorded  more  than 
twenty  years  ago,  instances  of  which  have  come  to  the  notice  of 
the  writer  in  the  course  of  his  work ;  and  to  prevent  the  waste  of 
energy  involved  in  re-examining  well-known  localities,  to  the 
neglect  of  others  much  more  promising  and  quite  unworked. 

The  following  is  the  preliminary  list  of  Irish  minerals  above 
referred  to ;  and  the  further  work  which  the  writer  hopes  to  do 
daring  the  coming  year  will  doubtless  add  many  more  species  to  the 
list)  and  perhaps  also  lead  to  the  removal  of  a  few  which  now  find 
a  place  therein. 


Graphite. 

Sulphur. 

Gold. 

Silver. 

Copper. 

StiDnite. 

Molybdenite. 

Galena. 

Chalcosite. 

Blende. 

Pyrrhotite. 

Bornite. 

Chalcopyrite. 

Pyrites. 

Cobaltite. 

Marcasite. 

Arsenopynte. 

Tetraheorite. 

Geocronite. 

IlaUte. 

Fluor. 

Quartz. 

Tridvmite. 

()par. 

Water. 

Cuprite. 

Corundum. 

Hfpmatite. 

Ilmenite. 

Magnetite. 

Cassiterite. 

Rutile. 

Octahedrite. 

Brookite. 

PvTolusite. 

Manganite. 

Limonite. 

Bauxite. 


Psilomelane. 

Caloite. 

Dolomite. 

Siderite. 

Smithfionite. 

Aragonite. 

Cerussite. 

Malachite. 

Azurite. 

Orthoclase. 

Microcline. 

Anorthoclase. 

Albite. 

Oligoclase. 

Ande^ine. 

Labradorite. 

Anorthite. 

Enstatite. 

Hypersthene. 

Augite. 

Spodumene. 

Wollastonite. 

Rhodonite. 

Hornblende. 

Artvedsonite. 

Ber>l. 

lolite. 

Garnet. 

()li\'ine. 

Fayalite. 

Idocrase. 

Zircon. 

Topaz. 

Andalusite. 

Sillimanite. 

Kyanitc. 

Gadolinite. 

Zoisite. 


Epidote. 

Ajunite. 

Calamine. 

Tourmaline. 

Staurolite. 

Apophyllite. 

Heulandite. 

Epistilbite. 

Phillipsite. 

Harmotome. 

Stilbite. 

Laumonite. 

Chabazite. 

Gmelinite. 

Levyne. 

Analcime. 

Natrolite. 

Mesolite. 

Thomsonite. 

Muscovite. 

Biotite. 

Lepidomelane. 

Serpentine. 

Talc. 

Glauconite. 

Kaolinite. 

P}Tophyllite. 

Sphene. 

Apatite. 

PjTomorphite. 

Vivianite. 

Erythrite. 

Wavellite. 

Beudantite. 

Barytes. 

Anglesite. 

Gypsum. 

Amber. 
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YII.  —  Thb  Canadian  Rookixs.  Pabt  I :  On  a  Collsotiok  or 
MiDDLK  Cambrian  Fossils  obtained  bt  Edwabd  WHTMPn, 
Esq.,  F.RG.S.,  fbom  Mount  Stephen,  Bbitish  Columbia.^ 

By  Henry  Woodwakd,  LL.D.,  P.E.S.,  P.G.8. 

IN  the  Sammer  of  1901  my  friend  Mr.  Edward  Wh3^per,  the 
well-known  traveller,  mountain  explorer,  and  writer,  paid  a  Tint 
to  the  watershed  of  the  Canadian  Booky  Mountains,  and  during 
a  stay  at  Field,  the  highest  pass  reached  on  the  Canadian  and  Paoi& 
Bailroad,  he  examined  the  slopes  of  Moant  Stephen,  and  at  a  height 
of  6,000  feet  on  its  northern  side  found  numerous  Trilobites,  and 
brought  home  a  considerable  collection. 

These  fossils  have  been  most  obligingly  placed  in  my  hands  by 
Mr.  Whymper,  and,  although  previously  known,  they  have  not  all 
been  adequately  figured.  I  venture  to  think  their  illustration  may 
be  useful,  accompanied  by  some  further  notes  on  the  fossils  associated 
with  them.' 

Locality. — ^Two  mountain  peaks.  Mount  Field  (5,000  feet)  on  the 
right  bank  and  Mount  Stephen  (8,000  feet)  on  the  left  bank  of  the 
Wapta  or  Kicking  Horse  Biver,  stand  as  flanking  bastions  to  the 
valley,  whose  base  is  about  4,500  feet  above  sea-level,  and  some 
miles  to  the  east  of  which  is  the  '  Great  Divide,'  the  water-parting 
of  the  'Bookies,'  where  the  primitive  sources  of  the  mountain 
streams  separate,  the  waters  of  the  western  side  to  join  the  Columbia 
Biver  and  the  Fraser,  and  ultimately  flowing  to  the  Pacific,  while 
those  of  the  eastern  side  add  their  various  contributions  to  the  Bow 
Biver,  which  finally  empties  itself  into  Hudson's  Bay. 

The  *  Bookies,'  which  run  in  a  north-west  and  south-east  direction, 
taken  in  their  widest  extent  of  lateral  buttresses,  may,  speaking 
broadly,  be  said  to  embrace  the  Coast  Bange  on  the  west,  which  is 
followed  by  the  Gold  Bange,  the  Selkirks,  the  Bochy  Mountaim 
proper ;  then  follow  to  the  east  the  Foot  Hills,  giving  place  to  the 
vast  rolling  Prairies  beyond. 

The  earliest  record  of  the  discovery  of  fossils  on  Mount  Stephen 
is  that  of  Mr.  L.  M.  Lambe,  one  of  the  Surveyors  on  the  staff  of  the 
Canadian  and  Pacific  Bail  way  in- 1884.  (Mr.  Lambe  is  now  the 
Artist  and  one  of  the  Assistant  PalaBontologists  on  the  Geological 
Survey  of  Canada.)     He  obtained  four  specimens  from  this  spot 

Mr.  C.  D.  Walcott,  describing  "  the  Fauna  of  the  Lower  Cambrian, 
or  OlenelluB  Zone,"  writes  (p.  538)  : — "  Geologists  are  indebted 
to  the  Geological  Survey  of  Canada  for  the  discovery  of  the  Olenellw- 
asone  in  the  Bocky  Mountains  of  British  Columbia.  Dr.  G^.  M. 
Dawson  first  obtained  a  species  of  Olenellus,  like  0.  gilbertij  at 
Kicking  Horse  Lake  in  British  Columbia,  and  in  1887  Mr.  B.  G- 
McConnell  described  a  section  at  Castle  Mountain  and  Mount 
Stephen,  which  shows  that  the  OleneUus  fauna  occurs  at  the  base 

*  Read  before  the  British  Association  for  the  Advancement  of  Science  (Section  C, 
Geology),  Belfast,  September  11th,  1902. 

'  After  they  have  oeen  examined  by  me  Mr.  Whymper  will  present  them  to  thf 
British  MuBemn  (^atxualBisilor^V 
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of  the  Castle  Mountain  limestone,  and  that  the  Middle  Oambrian 
faana  oooars  2,000  feet  above." ' 

Sabeeqnently  Mr.  Otto  Klotz,  whilst  engaged  on  geodetio  measure- 
ments in  oonnection  with  the  astronomical  work  of  the  Canadian 
Dominion,  accidentally  discoyered  the  Trilobite  bed  on  Mount  Stephen, 
and  presented  the  specimens  he  collected  to  the  University  of 
Michigan,  his  Alma  Mater.  The  specimens  afterwards  were  placed 
in  the  hands  of  Dr.  C.  Bominger,  who  described  them  in  the 
Proceedings  of  the  Academy  of  Natural  Sciences,  Philadelphia,  1887, 
pp.  12-19,  pi.  i.  The  descriptions  are  explicit,  but  the  figures  are 
not  satisfactory,  and  1  hope  shortly  to  figure  these  Trilobites  more 
fully.  Meantime  I  am  able  to  submit  dear  outline  drawings  of 
most  of  the  species. 

Dr.  H.  M.  Ami,  M.A.,  F.G.S.,  Assistant  Paladontologist  to  the 
Geological  Survey  of  Canada,  Ottawa,  who  has  visited  Mount 
Stephen  and  geologized  upon  its  slopes,  kindly  informs  me  that  the 
beds  containing  the  Trilobites  represent  about  300  feet  in  thickness. 
lliey  form  the  summit  of  Mount  Field,  and  rest  at  about  6,580  feet 
up  on  Mount  Stephen ;  the  summit  of  this  latter  mountain  is  com- 
posed of  Palaeozoic  limestones,  about  2,000  feet  in  thickness  above  the 
black  TrUohite  ahaleSf  the  fauna  of  which  has  not  yet  been  examined. 
Beneath  the  latter  there  are  about  1,000  feet  of  calcareous  and 
silioeous  shales,  while  basal  sandstones  make  up  the  residue. 

Section  of 
Mount  Stephen. 

1.  At  summit:  Palaoozoic  limestones, 

fauna  not  yet  examined 2,000  feet  Probably  Upper  Cambrian. 

2.  Black  Trilobite  shales 300  to  400  feet    Middle  Cambrian  fossils 

abundant  (Walcott). 


3.  Limestones  and  shales,  calcareous 

and  siliceous  shales 

4.  Sandstones,  basal  sandstones      ...     1,530  feet     /         fossils). 


—  ^ 

and  siliceous  shales 1,000  feet     i      Lower  ?  Cambrian  series  (no 


One  feature  of  the  scenery  is  that  the  mountains  (as  a  whole)  are 
nearly  all  carved  vertically. 

Mr.  S.  H.  Reynolds,  M.A.,  F.G.S.,  has  brought  back  a  series  of  the 
fossils  from  Mount  Stephen  (Field) ;  these  are  now  in  the  Wood  wardian 
Museum,  Cambridge,  and  a  small,  perhaps  larval  form  has  been 
described  and  figured  by  Mr.  F.  K.  Cowper  Keed,  M.A.,  F.G.S.  (in 
the  Geol.  Mag.,  1899,  Deo.  IV,  Vol.  VI,  pp.  368-361),  and  named 
Oryctocephalua  Beynoldsi, 

Dr.  G.  F.  Matthew,  Mr.  C.  D.  Waloott,  and  Dr.  Bominger  have 
all  described  fossils  from  this  locsdity,  and  the  Survey  of  Canada  at 
Ottawa  has  a  fine  collection  made  by  their  own  officers  and  also  by 
Mr.  Byron  Walker,  F.G.S.,  of  Toronto.  The  following  fossils  have 
been  met  with  at  Mount  Stephen,  viz. : — 

*  " Report  on  the  Geological  Structure  of  a  portion  of  the  Rocky  Mountains*' : 
Geol.  and  Nat.  Hist.  Surv.  Canada,  new  series,  vol.  ii  (1886-7),  pp.  28-30D,  with 
section. 
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Tbilobita.  AgnoBtuB  inter$trictUB, 

NeolenuB  aerraius  {Ogygia  Agnoatua,  gp. 

^^rrata).  Phtllooabida. 

Olenotdea  Nevaaenata. 

Olenoidea,  ep.  Anomaioearia  Canadenaia 

Ptycoparia  CordiUera.  (Whiteaves). 

Ptyeoparia,  sp.  •„ 

Baihyuma  Dawaoni.  Bbaohiopoda. 

Bathyuriaeua  Eowelli  (Embolimw  OholeUa,  sp. 

rotundata).  AcrotreUi  gemma. 

Ogygopsia  KlotzL  Kutorgina  panmda* 

Ogygopaia,  sp.  Lingvldla  eUa. 

Zdeanthoidea  apinoaua.  Scenelia,  sp. 

Oryctoeephalua  Beynoldai  {Oowper  Syolithea,  sp. 

Reed).  Theea,  sp. 

Dr.  Ami,  in  reply  to  my  queries,  says: — "I  do  not  know  of  any 
greater  elevation  than  that  of  Mount  Stephen  from  which  Trilobitei 
have  been  obtained,  unleaa  the  Pioohe  Nevada  or  the  localities  in 
Utah  (where  the  same  fauna  also  ocours)  attain  to  a  greater  elevation. 
It  would  be  interesting  to  compare  the  heights  of  Canadian  with 
United  States  localities." 

Certainly  the  Mount  Stephen  Trilobite  beds  are  the  higheat  point 
in  the  Bocky  Mountains  where  Trilobites  have  been  found. 

It  is  a  generally  accepted  axiom  in  geology  that  the  oldest 
mountains  in  the  world  are  now  the  least  in  point  of  altitude, 
having  been  subjected  for  such  vast  periods  of  geological  time  to 
subatfial  denudation  that  we  now  only  contemplate  their  degraded 
remains ;  the  strata  composing  them  being  also,  as  a  rule,  highly 
metamorphosed  and  crumpled. 

Here,  however,  we  are  presented  with  mountains  composed  of 
Cambrian  strata — the  oldest  stratified  rocks  we  know  oontaining 
living  organisms — having  an  elevation  of  some  6,000  feet  above 
the  pass,  or  10,000  feet  above  sea-level,  rich  in  wall-presenad 
TrilobiteBf  but  little  distorted,  the  strata  lying  in  horizontal  sequence, 
and  in  almost  the  same  undisturbed  condition  as  on  the  day,  millions 
of  years  ago,  when  these  deposits  were  laid  down  in  the  depths  of 
the  primordial  ocean. 

Mr.  C.  D.  Walcott  places  the  Trilobite  shales  of  Mount  Stephen 
in  the  Middle  Cambrian  series ;  but  Dr.  G.  F.  Matthew  oonsiden 
them  to  be  Upper  Cambrian  in  age.  A  careful  examination  of  the 
2,500  feet  of  basal  shales,  limestones,  and  sandstones  upon  which 
the  Trilobite-bearing  beds  rest,  is  essential,  as,  if  Dr.  Matthew's 
contention  is  correct,  they  should  represent  the  Middle  and  Lower 
Cambrian.  Similarly,  the  2,000  feet  of  overlying  limestones,  forming 
the  summit  of  Mount  Stephen,  ought  in  that  case  to  yield  Silurian 
fossils  to  the  enterprising  climber  who  should  scale  their  precipitous 
cliffs. 

At  least  a  dozen  genera  of  fossils  have  rewarded  Mr.  Whymper^s 
researches,  and  in  a  newly  explored  valley  named  '  Ball's  Valley ' 
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(after  the  Alpine  traveller,  John  Ball,  F.K.S.),  twenty-three  milea 
distant  from  Field,  Mr.  Whymper  disooyered  the  same  Trilobite-  and 
3f  ollnacan-bearing  beds. 

In  addition  to  the  Trilobites,  eto.,  Mr.  Whymper  obtained  g^ood 
examples  of  AnomaloeartB  (hnadensia,  a  remarkable  phyllooarid 
Ornstaoean,  described  by  Dr.  J.  F.  Whiteaves,  F.G.S.,  the  Paiadon- 
tologist  to  the  Geological  Survey  of  Canada. 

Mount  Field,  which  faces  Mount  Stephen,  remains  still  unexplored, 
but  is  a  part  of  the  same  maasif,  and  will  no  doubt  yield  the  same 
Cambrian  fossils.  It  is  only  separated  from  its  brother  peak  by  the 
present  pass,  which  glacial  torrents  working  for  long  centuries  have 
gradually  widened  into  the  existing  river  valley. 

(To  b$  continued  in  our  next  Number,) 


YIII. — ^Thb  Exploration  of  Kbsh  Oavbs,  Oountt  Slioo,  Ireland. 

By  Dr.  R.  F.  Scharff,  B.Sc,  F.Z.S.,  and  others.* 

KESH,  or  as  it  is  locally  spelled  '  Keash,'  is  fifteen  miles  south  of 
the  town  of  Sligo,  and  consists  of  a  few  scattered  buildings, 
with  farms  about  them.  The  spot  is  at  the  foot  of  Keishcorran 
Mountain,  an  isolated  mass  of  Carboniferous  Limestone  which  risee 
to  1,183  feet ;  and  the  country  which  extends  south  and  west  from 
this  mountain  for  miles  from  Eesh  presents  an  array  of  gravel 
eekers  and  elongated  mounds  of  glacial  material,  with  here  and 
there  a  small  lake  or  marsh  in  the  hollows  between  them. 
Sprinklings  of  erratic  boulders  and  stones  occur  up  to  the  very 
summit  of  the  mountain.  These  consist  principally  of  red  sand- 
etone,  with  a  few  of  yellow  sandstone  and  of  dyke  rooks.  It  is 
believed  that  these  rocks  could  be  found  in  place  on  the  next  hill 
range  to  the  south  and  south-east  of  Kesh,  around  Lough  Key,  but 
this  point  has  not  been  definitely  established.  Though  no  continuous 
deposit  of  drift  was  seen  un  the  mountain,  these  erratic  blocks  are 
sufficient  to  show  that  it  has  been  overwhelmed  by  ice. 

On  approaching  Keishcorran  from  Kesh  one  sees  a  grass-grown 
talos  which  extends  up  from  the  plain  at  a  steep  angle  for  several 
hundred  feet.  Surmounting  this  is  a  range  of  cliffs  running  along 
the  mountain  face  like  the  gigantic  walls  of  an  ancient  city.  These 
are  pierced  along  the  top  of  the  talus  by  a  range  of  some  thirteen 
oaves.  Towards  the  northern  end  of  this  series  is  a  cavern  whose 
large  orifices,  about  fifteen  feet  high,  can  be  seen  for  miles.  The 
other  caves  are  of  various  sizes,  but  the  type  which  prevails  is  that 
of  a  vertical  fissure  enlarged  downwards  into  an  '  A '  shape.  The 
cliff  which  they  penetrate  faces  S.W.,  or  S.W.  by  W.,  and  their 
direction  is  approximately  parallel.  These  caves  are  intersected  at 
various  distances  from   their  mouths  by   cross-fissures,  which  in 

^  fieport  of  the  Committee,  consisting  of  Dr.  K.  F.  Scharff  (Choirmanj,  Mr.  R.  LI. 
Pmeger  (Secretary),  Mr.  G.  Coffey,  Professor  G.  A.  J.  Cole,  Proiessor  D.  J. 
Cunmngham,  Mr.  G.  W.  Lamplugh,  Mr.  A.  McHenry,  and  Mr.  E.  J.  Ussher, 
BBpointed  to  explore  Irish  Caves.  Drawn  up  by  the  Chairman.  Read  before 
Swetion  C  (Geology),  British  Association,  Belfast,  September,  1902. 
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Beveral  oases  form  oonneoting  galleries  from  cave  to  oave.  TUi 
feature  is  more  or  less  oommon  to  them  all.  The  whole  system  of 
ezoavations,  in  fact,  clearly  depends  upon  the  jointed  stmotiiTe  of  the 
limestone.  The  great  cliff  is  due  to  the  flaking  away  of  the  ma» 
along  one  series  of  vertical  joints,  and  solution  works  along  the 
same  series  within,  and  produces  passages  and  fissures  paralM  to 
the  face.  The  caves  connected  hy  these  fissures  have  also  been 
worked  out  by  solution,  acting  along  the  second  vertical  series 
of  joints  which  run  in  perpendicularly  to  the  great  cliff  face.  Tho 
general  slope  of  the  cave  floors  is  from  within  outwards,  and  the 
contained  deposits  are  mainly  the  detritus  and  residue  of  the 
limestone  rock,  with  fallen  blocks  from  the  walls  and  roof,  set  in 
a  soft  calcareous  tufa. 

GoFFET  Gave. — Our  excavations  were  commenced  in  May,  1901, 
at  the  mouth  of  one  of  the  larger  caves,  which  is  about  central  in  the 
series,  and  which  we  distinguish  as  the  Goffey  Gave.  It  has  a  lofty 
A-shaped  mouth,  and  a  large  deposit  of  clay  occupies  its  lower 
portion.  The  section  made  in  this  across  the  cave's  mouth  disclosed 
the  following  deposits  in  descending  order: — 

1.  Surface  soil  of  a  blackish  brown,  containing  charcoal,  a  tine  of 
Red  Deer  antler,  the  broken  bones  of  domestic  animals,  and  a  few 
implements  indicating  temporary  occupation  by  man  rather  than 
fixed  settlement.  The  bones  and  implements  are  such  as  are 
commonly  found  in  raths  and  crannogs,  and  the  depth  of  this  layer 
is  from  six  to  twelve  inches. 

2.  Breccia,  consisting  of  limestone  blocks  and  fragments  fallen 
from  the  roof,  in  a  deposit  of  calcareous  tufa.  This  bed  contained 
numerous  land-shells  (Helix,  Hyalinia,  Clausilia)  and  bones  of  small 
mammals.  Among  these  the  Arctic  Lemming  was  numerously 
represented  as  well  as  in  the  next  stratum.  This  is  the  first 
instance  in  which  this  animal  has  been  identified  as  a  former 
inhabitant  of  Ireland.  A  mandible  has  been  referred  to  the  Irish 
Stoat,  though  smaller  than  that  of  a  Weasel ;  and  some  canine 
remains  have  not  yet  been  definitely  identified.  The  depth  of  the 
breccia  is  from  a  foot  in  the  centre  increasing  to  three  feet  at  the 
sides  of  the  cave. 

3.  Clay  of  a  brown  ochreous  colour  containing  large  blocks  of 
limestone  and  numerous  bones  of  small  mammals  (including 
Lemming),  as  well  as  a  few  of  larger  ones.  At  a  depth  of  six  feet 
from  the  surface  a  large  glaciated  block  of  limestone  was  found. 

Plunkett  Cave. — Owing  to  the  difficulty  of  removing  the  numerous 
limestone  blocks  we  searched  for  more  promising  ground  and  decided 
to  work  at  a  smaller  cave,  one  of  the  most  southern  of  the  series, 
which  opened  at  a  somewhat  higher  level.  We  called  this  the 
Plunkett  Cave.  A  lofty  entrance  narrows  down  to  a  low  mouth, 
from  five  to  six  feet  wide,  and  inside  this  the  cave  becomes  much 
more  lofty  and  widens  at  a  distance  of  from  twelve  to  sixteen  feet 
from  the  mouth.  It  then  forms  a  gallery  six  to  ten  feet  wide  which 
pursues  a  generally  straight  course,  terminating  at  forty-nine  feet 
from   the  mouth.    Befoie  this  termination  is  reached,  bowe^er. 
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a  gaUery  branohes  dk  to  the  right,  and  this,  after  running  some 
twenty  feet,  expands  into  a  ]ofty  hall,  the  Sloping  Chamber,  that 
has  another  branch  to  the  left,  parallel  with  the  Plunkett  Gave. 
We  called  this  latter  branch  the  Water  Gallery. 

At  the  commencement  of  the  operations  no  part  of  these  galleries 
was  completely  choked,  bat  all  contained  a  considerable  depth  of 
deposits,  chiefly  of  earths  and  clays,  with  blocks  and  fragments  of 
limestone. 

The  tupper  or  turface  alratuni,  which  varied  from  six  inches  to  two 
feet  in  depth,  contained  a  large  amount  of  calcareous  tufa,  and  as 
we  advanced  into  the  inner  galleries  this  tufa  grew  more  and  more 
free  from  earthy  admixture,  being  in  places  as  white  as  mortar. 
While  a  variable  amount  of  calcium  carbonate  occurs  in  this  deposit, 
its  whiteness  is  in  part  due  to  the  usual  residue  of  siliceous  particles 
that  results  from  the  removal  of  limestone  in  solution.  Characteristic 
bipyramidal  crystals  of  quartz  are  thus  found  in  some  parts ;  and  in 
the  Water  Gkillery  a  delicately  spicular  deposit  occurs.  A  multitude 
of  minute  rods,  sometimes  set  with  knobs,  are  seen  when  the  tufa 
is  dissolved  away  in  acetic  acid.  Dr.  G.  J.  Hinde,  F.RS.,  who  has 
kindly  examined  these  for  us,  points  out  that  they  are  crystalline 
and  soluble  in  nitric  acid.  Their  true  character  is  still  under 
consideration.  In  all  parts  of  the  cave  explored  by  us  this  white 
stratum  contained  charcoal,  sometimes  in  lumps  and  occasionally 
in  horizontal  layers,  which  formed  distinct  seams  in  our  sections. 
In  the  most  remote  part  excavated  by  us,  the  Water  Gallery,  there 
was  a  black  layer  of  charcoal  an  inch  deep,  which  extended  from 
wall  to  wall,  with  a  bed  of  white  tufa  above  and  beneath  it,  and  at 
the  bottom  of  the  lower  tufa  there  was  more  charoosd.  Some  pieces 
of  peat  were  also  found  embedded  elsewhere,  which  were  probably 
brought  into  the  cave  for  fuel. 

In  the  lower  part  of  the  upper  stratum  a  large  stone  celt  was 
found  five  feet  inside  the  cave's  mouth,  the  only  evidence  of  Neolithic 
occupation,  and  not  far  from  it  was  a  portion  of  a  smcdl  iron  saw 
of  peculiar  make,  resembling  those  found  in  Dunshaughlin  orannog, 
and  in  the  same  vicinity  a  bronze  pin  with  a  ring  attached  to  it. 
The  upper  stratum  contained  a  second  bronze  pin  at  thirty-eight 
feet  from  the  mouth  of  the  cave,  and  further  in  again  was  a  small 
iron  rod.  Shells  of  marine  Mussels  repeatedly  occurred  in  this 
upper  stratum  and  also  an  oyster-shell,  though  the  sea  is  now  fifteen 
miles  distant,  and  it  is  not  likely  to  have  been  much  nearer  in 
Neolithic  times. 

The  human  remains  were  few,  and  occurred  chiefly  near  the 
Sloping  Chamber;  but  the  bones  and  teeth  of  domestic  animals 
were  exceedingly  numerous,  and  were  found  wherever  the  stratum 
extended.  These  were  generally  fragmentary  and  represented  the 
species  usually  found  in  Irish  kitchen  middens,  viz.,  horse,  red  deer, 
ox,  sheep,  goat,  pig,  and  dog. 

Among  the  wild  species  represented  in  this  upper  stratum  fox 
and  rabbit  were  numerous,  hare  and  red  deer  less  so ;  but  an 
interesting  find  was  a  metatarsus  of  reindeer,  which  occurred  in. 
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the  gallery  to  the  right,  deep  down  id  this  stratom ;  while  dharootl 
was  found  lower  down  in  the  same  deposit  and  in  the  same  benbhi 
each  bench  measuring  two  feet  wide. 

In  several  parts  of  the  cave  the  upper  stratum  contained  boms 
of  brown  bear.  These  were  found  near  the  lower  horison  of  tbe 
deposit,  so  that  in  some  oases  they  may  have  been  lying  oi 
the  surface  of  the  clay  which  formed  the  second  stratum  wheie 
the  deposition  of  the  upper  one  commenoed.  In  one  case  a  boos 
of  a  bear  was  partly  embedded  in  the  upper  stratum  and  partly  in 
the  clay. 

Bones  of  field  mice  were  numerous,  as  well  as  those  of  frog. 

The  second  atraium  of  day,  which  also  extended  throughout  the 
galleries  of  the  Plunkett  Gave,  was  brown,  inclining  to  oohreous, 
more  or  less  sandy,  and  contained  numerous  fragments  of  limestone 
and  chert.  Worn  rounded  pebbles  were  scaroe  in  the  day,  and 
occurred  chiefly  in  or  near  the  Water  Oallery. 

The  quartz  sand  in  this  yellowish  clay  seems  to  be  truly  detritil 
and  of  external  origin  ;  it  sometimes  largely  predominates  over  the 
clayey  particles.  The  clay  itself,  however,  probably  arises  from 
the  decay  of  certain  layers  of  the  limestone,  since  it  contains,  and 
at  times  abundantly,  the  typical  bipyramidal  -crystals  of  quartz.  Iti 
non*ca1oareous  nature  shows  that  it  was  deposited  when  solution 
was  fairly  active,  while  the  upper  tufaceous  deposits  indicate  con- 
ditions favourable  to  stalagmitic  growth. 

The  presence  of  occasional  worn  pebbles  of  red  sandstone  in  the 
interior  of  the  caves  might  be  explained  on  the  supposition  that 
the  pebbles  had  been  washed  down  pot-holes  and  crevices  from 
the  hill  above.  The  gravelly  deposit  at  the  mouth  of  the  Plunkett 
Cave  could  not,  however,  be  thus  explained.  It  is  too  thick  and 
too  limited  in  area,  and  some  of  its  contained  boulders  are  too  large 
to  have  been  thus  introduced,  and  there  seems  no  escape  from  the 
conclusion  that  the  gravel  has  been  washed  to  the  mouth  of  the  cave 
from  without. 

Some  of  the  larger  limestone  boulders,  especially  those  towards 
the  top  of  the  gravel,  were  undoubtedly  glaciated  (not  only  scratched, 
but  exhibiting  also  the  characteristic  shape  of  glaciated  blocks),  and 
did  not  seem  to  have  been  worn  or  washed  much  since  this  glaciation. 

There  is  not  enough  drift  on  the  mountain  above  to  explain  the 
presence  of  the  gravel  as  a  down-wash,  even  if  the  contour  of 
the  hill  were  such  as  to  render  a  down- wash  of  this  kind  possible, 
which  is  not  the  case.  The  plain  of  drift,  with  its  characteristic 
original  moundy  topography,  lies  considerably  below  the  mouths 
of  the  caves,  with  a  steep  talus  slope  now  separating  them,  and 
it  is  highly  improbable  that  there  has  ever  been  a  plateau  of  drift 
material  so  high  as  the  mouths  of  the  caves  at  any  time  since  the 
disappearance  of  the  ice.  There  seems,  therefore,  to  be  no  other 
explanation  possible  for  the  gravel  deposit  than  that  it  has  been 
washed  into  the  mouth  of  the  cave  at  a  time  when  the  ice  was  at 
least  as  high  as  the  escarpment  into  which  the  caves  are  cut,  and 
that  the  mouth  of  the  Plunkett  Cave  was  already  an  open  passage 
at  that  period. 
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Henoe  it  beoomes  a  point  of  mach  importance  to  determine 
whether  the  oaves  oontain  any  depoflite  of  older  date  than  the  Glaoial 
Period,  and  thin  point  deserves  espeoial  prominence  in  any  future 
exploration.  The  yellow  clay  with  cbert,  the  lowest  deposit 
diaoovered,  is  not  a  true  'Boulder-clay.'  It  seems  to  be  such 
naterial  as  might  be  derived  from  the  solution  of  the  limestone 
mixed  with  sand  and  mud  from  the  waters  entering  the  cave  from 
without.  We  were  not  satisfied  that  this  clay  was  older  than  the 
gpnavel  deposit.  No  fossils  having  as  yet  been  found  in  the  yello^r 
clay,  the  question  as  to  its  relation  to  the  Glacial  Period  is  at  present 
of  geological  interest  only,  and  no  palaoontological  point  is  involved. 

If  a  fossiliferous  deposit  were  discovered  below  the  yellow  clay 
it  would  be  of  much  scientific  interest  That  pre-glacially  filled 
fissures  may  oocur  in  the  Carboniferous  Limestones  in  this  country 
is  shown  by  the  presence  of  an  earth-filled  fissure  overlain  by 
Boulder-clay  in  a  limestone  .quarry  at  Howth,  which  one  of  us 
examined  recently,  but  without  noticing  any  fossils  in  it. 

A  block  and  cone  of  crystalline  stalagmite  were  found  in  the  clay 
in  the  Water  Gallery,  but  these  were  the  only  examples  noticed 
of  this  ancient  form  of  stalagmite  which  had  evidently  been  broken 
up  in  this  cave. 

The  lower  portion  of  the  ola}'  seemed  to  be  devoid  of  bones  as 
well  as  of  any  relics  of  man,  but  in  the  upper  portion  of  this  deposit 
we  found  animal  remains,  including  a  human  tooth ;  and  a  little 
charcoal  was  met  with  in  four  different  spots.  This  strongly 
contrasted  with  the  abundance  of  the  latter  material,  which  was 
everywhere  present  in  the  upper  stratum  ;  and  even  these  few  traces 
of  it  must  be  mentioned  with  caution,  as  burrowing  animals  may 
have  penetrated  into  the  clay,  and  thus  might  have  transmitted  into 
it  some  bits  of  charcoal  from  the  upper  stratum.  Remains  of 
domestic  animals,  so  abundant  in  the  latter,  were  virtually  absent 
from  the  clay,  a  bone  or  two  of  ox  and  of  goat  being  all  the  relics  in 
it  assignable  to  those  mammals.  The  pig  was,  however,  represented 
in  four  places. 

The  characteristic  animal  throughout  this  stratum  weis  the  brown 
bear,  whose  bones  and  separated  teeth  numbered  sixty  at  leeist,  and 
ooourred  in  all  parts  of  the  cave,  becoming  more  frequent  in  the 
inner  galleries.  Fox  was  found  in  fourteen  places,  hare  in  seven, 
red  deer  in  four,  rabbit  in  three,  wolf  in  at  least  one  instance, 
and  lemming  once  (at  the  entrance),  while  frog  and  field-mouse 
occurred  repeatedly. 

We  sank  deep  sections  in  several  parts  of  the  cave,  with  the  result 
that  it  was  found  to  narrow  downwards  and  was  filled  in  that 
direction  with  barren  clay,  which  became  yellow  and  tenacious  as 
the  rock  was  approached  in  our  excavations.  Near  the  cave's  mouth 
large  quantities  of  yellow  clay  were  found,  and  it  may  be  proper  to 
treat  it  as  a  separate  deposit  distinct  from  the  brown  sandy  clay. 
No  drift  stones  have  been  noticed  in  the  yellow  clay. 

It  will  be  seen  from  this  report  that  during  the  deposition  of  the 
upper  strata  the  Plunkett  Cave  was  inhabited  for  a  lon^  time  b^ 
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men  who  used  domestio  animals  and  marine  mollosos,  and  bii 
implements  of  iron,  bronze,  and  polished  stone,  and  who,  in  the 
earlier  part  of  this  period,  were  contemporaneous  with  the  rdndaer 
and  probably  with  the  bear. 

Id  the  subjacent  clay  there  are  evidences,  left  during  a  preTiou 
epoch,  that  bears  then  inhabited  the  cave  undisturbed  by  human 
intrusion. 


Tabular  Statsmbnt  of  thb  Mammal 

[AN  Remain 

8  (P&BLIMINABT). 

Surface 
Stratum. 

Breccia. 

Clay. 

Vig  [Sitt  scrofa)       

X 

— 

X 

^OTse  {Equtts  caballua)       

X 

— 

— 

Abs  {E.  aainus)        

X 

— 

— 

Red  Deer  {Cervm  elaphua) 

X 

— 

X 

'ELeindeeT  {Ranffifer  tarandus)        

X 

— 

— 

Sheep  (Om  an'M) 

X 

— 

— 

Qosit  {Capra  hireus)                       

X 

— 

? 

Ox  (Bos  taurut)       

X 

— 

? 

'Field-mouse  {Mu8  syhatieiui)        

X 

X 

X 

BAt  (Mus  deeumantts)          

X 

— 

— 

Arctic  Lemming  (Dierostonyx  torqttatus)  . . . 

p 

X 

X 

Rabbit  ( Leptts  eumeulut) 

X 

X 

? 

Hare  {L^us  iimidtts  =  variabilis) 

X 

X 

X 

Bear  {Urms  arctos)             

X 

— 

X 

Dog  {Canis  familiar  is)        

Wolf  {Canis  lupus)  ... 

X 

? 

p 

X 

— 

? 

Pox  ( Vulpes  alopex)            

X 

— 

X 

B&d^er  {Meles  taxus)           

X 

— 

— 

Irish  Stoat  {Putoritts  hibernicus) 

X 

— 

Man  {Romo  sapiens)            

1 

X 

" 

? 

IX. — On  the  Brockrams  of  the  Vale  of  Eden,  and  the  Eyidbnci 

THEY  AFFORD  OF  AN   InTBR-PeRMIAN  MOVEMENT   OP   THE  PeNNIHI 

Faults.* 

By  Percy  F.  Kendall,  F.G.S. 

THE  author  has  been  engaged  during  oooasional  visits  to  the  Vale 
of  Eden  in  the  study  of  the  well-known  Brookram  conglomerates 
which  form  so  conspicuous  an  element  in  the  Poikilitio  series  of  the 
district.  Tentative  results  obtained  five  or  six  years  ago  have  been 
fully  confirmed  by  later  observations,  and  though  the  investigation 
is  uot  quite  complete,  the  author  regards  the  present  occasion  as 
an  opportune  one  for  presenting  a  preliminary  statement  of  views 
which  have  already  obtained  some  currency  by  annual  demonstratioDS 
in  the  field  to  scientific  societies  of  the  North  of  England. 

The  stratigraphical  relations  of  the  Brockrams  can  be  well  studied 
in  the  almost  continuous  sections  which  are  exposed  between  Hoff 
Beck,  two  miles  west  of  Appleby,  and  Brackenber  Common,  three 

'  Abstract  ol  a  paper  read  before  the  British  Association,  Belfast,  September,  1902, 
in  Section  C  (Oeolo'^y). 
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miles  east  of  the  town.     The  beds  dip  to  north-east  at  about 
20  degrees,  and  the  sncoession  here  exposed  is  as  follows : — 

St.  Bees  Sandstone  (Trias). 
f  6.  Shales  and  Sandstones. 
5.  Hilton  Plant  Beds. 
4.  Magnesian  Limestones. 
3.  Upper  Brookram  interbedded   with   and  overlain  by 

Penrith  Sandstone. 
2.  Penrith  Sandstone. 
^1.  liower  Brookram. 
Carboniferous  rocks. 

The  liOwer  Brookram  forms  a  bold  escarpment  near  Hoff  Beck, 
and  the  nature  of  its  oonstituents  oan  conveniently  be  studied  in 
great  clean  faces  of  quarries  as  well  as  in  natural  exposures.  In  the 
coarse  of  a  careful  examination  of  the  pebbles  it  has  been  found  that 
all  the  pebbles,  except  some  twenty  or  thirty  at  most,  consist  of 
Carboniferous  limestone  or  chert,  the  former  well  rounded  and 
frequently  very  fossiliferous — Saccamina  Carteri  was  found  in  one. 
The  stones  ranged  in  size  up  to  nearly  a  foot  in  diameter. 

The  few  exceptions  mentioned  above  were  hasmatite,  sandstone, 
and  ten  or  twelve  small  pebbles  of  vein  quartz  such  as  might  be 
found  in  the  Millstone  Orit,  the  Basement  Carboniferous  Con- 
glomerate, or,  more  remotely,  as  veins  in  the  Skiddaw  Slatep. 
Becnrrences  of  the  same  bed,  presenting  the  same  characters  as 
regards  the  nature  and  source  of  the  pebbles,  are  seen  on  the  west 
bank  of  the  Eden  below  Appleby,  on  Gallows  Hill,  and  at 
Hnngriggs  quarry,  east  of  Appleby.  At  the  last  two  localities 
the  pebbles  have  been  very  extensively  dolomitized  subsequently  to 
deposition,  for  the  pebbles  have  in  many  cases  been  reduced  to 
a  mere  shell,  usually  lined  with  crystals  of  calcite. 

The  same  aspect  of  the  Lower  Brookram  is  presented  in  the 
exposures  at  Stenkreth  (Eirkby  Stephen)  and  to  the  northward  of 
Hungriggs  in  several  quarries.  It  can  be  seen  from  these  facts  that 
for  a  distance  of  ten  or  twelve  miles  along  the  strike,  and  for  over 
two  miles  on  the  dip,  the  character  of  the  pebbles  in  the  Lower 
Brookram  undergoes  no  change. 

The  Penrith  Sandstone  about  Appleby  attains  to  a  thickness  of 
probably  a  thousand  feet,  but  no  exact  estimate  is  possible  owing 
to  the  occurrence  of  a  large  number  of  faults,  of  unknown  throw. 

Near  its  upper  boundary,  numerous  intercalations  of  the  Upper 
Brookram  Conglomerate  occur,  especially  in  the  section  in  Hilton 
Beck. 

The  Upper  Brookram  in  this  section  consists  of  a  rather  friable 
conglomerate,  in  beds  of  a  foot  or  two  in  thickness,  parted  by  beds 
of  sandstone  from  a  few  inches  up  to  30  or  40  feet  thick.  The 
constituent  pebbles  are  partly  of  Carboniferous  Limestone,  very 
soft  and  much  dolomitized,  but  other  elements  frequently  pre- 
ponderate ;  these  are  well-rounded  pebbles  of  vein  quartz,  angular 
pebbles  and  blocks  of  quartzite,  fragments  of  conglomQVObl^  QcyEi\»\\^\\^% 
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▼ein  quartz  in  a  quartzite  matrix,  and  finally  pebbles  of  riiyolito. 
At  other  exposures  to  the  northward  at  Flakebridge  the  aamt 
characters  recur. 

The  source  of  the  different  pebbles  may  now  be  considered.  He 
limestones  are  of  course  from  the  lower  part  of  the  Carboniferous 
Series ;  they  present  peculiar  features.  The  pebbles  of  vein  quarts 
are  clearly  derived  from  the  numerous  quartz  veins  in  the  Skiddaw 
Slate  of  the  Cross  Fell  inlier,  but  their  thoroughly  rounded  condition 
shows  that  they  must  have  come  at  an  intermediate  stage  through 
some  pre-Permian  conglomerate.  This  conclusion  is  confirmed  bj 
the  occurrence  of  fragments  of  conglomerate  containing  such  pebbles, 
which  is  recognizable  as  the  very  characteristic  Basement  Carboni- 
ferous Conglomerate  of  the  Cross  Fell  Range. 

The  angular  blocks  of  quartzite  can  be  matched  precisely  by  the 
rocks  which  succeed  the  Basement  Conglomerate  of  Roman  Fell. 
The  author  at  one  time  regarded  the  rhyolites  as  indisputable 
evidence  of  the  exposure  of  the  Borrowdale  rocks  of  the  Cross  Fell 
inlier  and  denudation  during  Permian  times,  but  while  this  still 
seems  to  be  the  most  probable  explanation  of  their  presence  in  ike 
Upper  Brockram  it  is  possible  that  they  could  have  been  derived 
from  the  Carboniferous  Basement  Conglomerate,  in  which  at  Swindale 
Beck  a  few  such  pebbles  occur. 

Setting  aside  the  rhyolite  pebbles,  there  is  still  a  body  of 
evidence  which  seems  to  warrant  deductions  of  very  great  interest 
The  facts  to  be  explained  are  the  occurrence  in  the  Lower  Brockram 
of  a  practically  pure  gathering  of  Carboniferous  Limestone,  while 
the  Upper  Brockram  contains  a  very  high  percentage  of  rocks 
from  the  very  base  of  the  Carboniferous  Series.  They  might  be 
explained  on  the  supposition  of  derivation  from  opposite  sides  of 
the  Yale  of  Eden,  the  Lower  Brockram  being  supposed  to  come 
from  the  Carboniferous  Limestone  outcrop  towards  Orton,  while 
the  Upper  Brockram  was  derived  from  the  Pennine  Range.  This 
view  has  little  to  commend  it.  If  the  Carboniferous  Basement 
Conglomerate  were  exposed  to  denudation  during  the  deposition 
of  the  Upper  Brockram,  then  the  Carboniferous  Limestone  must 
have  formed  n  bold  escarpment  at  the  same  time ;  and  that  being 
granted,  it  is  highly  improbable  that  it  failed  to  yield  the 
mateiials  of  the  Lower  Brockram.  which  at  Hungriggs  is  less  than 
three  miles  from  the  outer  Pennine  fault  which  exposed  a  series 
of  Carboniferous  rocks  in  Permian  times.  Upon  the  alternative, 
and  as  it  seems  preferable,  hypothesis,  that  the  materials  of  the 
two  Brockrams  were  all  derived  from  the  Pennine  Chain,  an  inter- 
Permian  movement  of  the  faults  which  throw  up  the  Cross  Fell 
range  and  the  well-known  inlier  seems  necessary. 

Professor  Lapworth  has  pointed  out  that  when  an  anticlinal  fold  is 
exposed  to  denudation  the  derivative  beds  will  consist  of  the  same 
material  as  those  of  the  anticline,  but  in  reverse  order,  the  uppermost 
beds  of  the  anticline  will  yield  the  pebbles  of  the  lowest  of  the 
derivative  beds,  while  the  core  of  the  anticline  will  be  represented 
only  in  the  highest  of  the  derivative  beds. 

This  principle  may  V)^  "\\\\x%\.Ta\fe^  >a^  >^^  'Y^dxwY  ^^s  of  the 
south-east  of  England ;  l\ie  Iaqn^^^  ILo^xi^  ^\i^Q\M«^^«^  ^^Smsl 
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oqIj  flint  pebbles  from  the  Chalk,  while  the  high*leyel  graveli 
whioh  rest  on  the  Bagshot  series  contain  besides  flint  many  pebbles 
derived  from  the  Lower  Greensand. 

Where,  however,  the  exposure  is  by  a  fault  soarp  the  whole  of 
the  beds  exposed  in  the  soarp  will  contribute  to  the  first-formed 
derivative  oonglomerates.  The  absence  of  detritus  of  the  Basement 
Oarfooniferous  from  the  Lower  Brockram  shows  that  the  basement 
beda  were  not  exposed  in  early  Permian  times,  but  a  movement  of 
the  fault  exceeding  the  thickness  of  the  Penrith  Sandstone  brought 
the  lowest  members  of  the  Oarboniferous  series  above  the  surface 
at  the  time  of  the  deposition  of  the  Upper  Brockram. 

X. — On  the  Sxquxnos  of  thx  Infsriob  Oouts  Deposits  at 

Bbedon  Hill,  Worcestershire. 

By  L.  RicHA&DBON,  F.G.S. 

r£  correct  sequence  of  the  Inferior  Oolite  deposits  at  this  locality 
has  always  been  a  matter  of  uncertainty.  This  is  due  partly 
to  the  disturbed  state  of  the  oolite,  partly  to  the  scarcity  of  fossils. 
On  Bredon  Hill  only  the  four  lowest  subdivisions  of  the  Inferior 
Oolite  series  are  preserved.  In  the  Cotteswold  Hills  around 
Cheltenham  they  are,  in  descending  order,  the  Lower  Freestone, 
Pea -grit.  Lower  Limestone,  and  sandy  beds  characterized  by 
a  very  distinctive  ammonite,  Tmetoceras  sciaaum  —  the  last  being 
the  sandy  ferruginous  limestones  of  Witchell.  Professor  Hull  did 
not  recognize  the  Pea-grit  at  Bredon,  but  stated  that  its  most 
northern  extension  was  at  Netting  Hill.*  In  1863,  however, 
Dr.  Holl  rectified  this  error,  and  remarked  that  its  non-existence 
here  was  only  true  as  regards  its  pisolitio  structure.'  Above 
Elmley  Lodge  that  author  noticed  masses  of  limestone  crowded  with 
fragments  of  the  spines  and  plates  of  Echinoderms,  as  well  as  numerous 
specimens  of  Bryozoa,  and  Terehratfda  plteata.  Below  the  brow  of 
the  eastern  extremity  of  the  hill,  above  Ashton-under-Hill,  Dr.  Holl 
obtained  Bhynehonella  cynocephala  in  blocks  of  hard  limestone,  but 
was  unable  to  find  the  bed  in  siiH  or  to  offer  any  suggestion  as  to 
its  probable  stratigraphical  position. 

One  mile  north-west  of  Overbury  Church  is  a  large  quarry,  and 
ilthough  the  strata  here — as  in  the  rest  of  the  hill — are  very  much 
listnrbed,  it  is  possible  to  construct  the  sequence  and  also  to  obtain 
ipproximately  the  thickness  of  the  several  subdivisions.  The 
leqnence  may  be  obtained  by  a  study  of  the  section  afforded  on  the 
dast  side  of  the  quarry. 

The  continuity  of  the  sequence  of  the  deposits  is  interrupted  by 
I  fault  On  the  north  side  about  12  feet  of  Lower  Freestone  is 
exposed,  resting  upon  the  equivalent  of  the  Pea-grit  The  top  beds 
)f  this  Pea-grit  equivalent  consist  of  hard  yellowish  limestones  full 
)f  fragments  of  the  spines  and  plates  of  Echinoderms.  Gapping  the 
projecting  mass  of  rock — separated  from  the  east  face  of  the  quarry 

*  Mem.  Geol.  Surv. :    *' Geology  of  the  Country  around  Cheltenham"  (1867), 
}.  38.    Notting  Hill  is  locally  known  as  Nottingham  Hill. 
'  Qoart.  Joum.  Geol.  Soc.,  toI.  xix  (1863),  p.  315. 
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by  a  small  fanlt — similar  yellowish  limestone  is  seen,  and 
downwards  into  a  shelly  development.  TerfkratvUa  simpUi  (bat 
only  the  pedicle  valves)  is  abundant  The  shelly  rook  is  best 
exposed  in  the  west  side  of  the  southern  or  disused  portion  of  tiie 
quarry,  and  contains  Terehratula  simplex,  Ter.  plieaia,  Bkjfnd^aneOM 
aubangidataf  Bhyn.  oolitiea,  Zeilleria  eireularis,  Fygaster  semimdealMM% 
Diastopora,  Spiropora  straminea,  etc.,  and  ossioles  of  PemiaerinwL 
About  2  feet  of  hard  yellowish- white  oolitic  limestone  is  visible  below 
the  Pea-grit,  which  latter  attains  a  thickness  of  about  14  feet  On 
tke  south  side  of  the  fault  the  shelly  strata  of  the  Pea-grit  are  indioad 
at  a  high  angle  and  rest  upon  a  massive  deposit  ot  yellowish-while 
oolitic  limestone,  thickly  bedded  in  its  upper  portion  but  becoming 
flaggy  below.  This  Lower  Limestone  is  about  34|  feet  thick.  The 
whitish  flaggy  development  is  seen  capping  the  promontory  on  the 
opposite  side  of  the  quarry,  and  passes  downwards  into  brown 
arenaceous  strata,  very  ferruginous  in  places,  and  becoming  more 
compact  towards  the  base.  This  arenaceous  rock — also  containing 
fragments  of  sea-urchins  abundantly — is  exposed  for  a  thickness 
of  13  feet  To  the  floor  of  the  quarry  is  about  7  feet,  and  to  the 
wator-retaining  stratum  from  this  point,  as  proved  in  an  old  well, 
is  about  8  feet  Thus,  from  the  top  of  the  arenaceous  strata  to  the 
wator-retaining  bed  is  about  28  feet 

From  evidence  obtained  in  an  old  pit  about  200  yards  north-west 
of  Kemerton  Castle  the  thickness  of  this  deposit,  which  containB 
a  few  Bhynehonella  eynocephala,  Ter,  euides,  and  Belemnites,  wss 
estimated  at  33  feet.  In  many  quarries  on  the  hill  it  may  be  noticed 
that  the  thickness  of  the  Lower  Freestone  is  very  considerable. 

Summarized,  our  knowledge  of  the  Inferior  Oolite  at  this  locality 
is  as  follows  : — 

(1)  Lower  Freestone.     Whitish  oolitic  freestone. 

(2)  Pea-grit  equivalent.  Compact  yellowish  limestone  containing 
fragments  of  Eohinoderms  and  a  few  of  the  characteristic  Brachiopods. 
14  feet 

(3)  Lower  Limestone.  Massive  bedded  yellowish- white  oolitic 
limestone.     34^  feet 

(4)  Scissi  beds.  Brown  ferruginous,  sandy  strata  containing 
Ter.  euides,  Rhyn.  eynocephala,  and  a  few  Belemnites.     33  feet. 


ITOTIOES    O^^    :L^CE3^^0I1^*=,    ETC. 

I. — Earthquake  Investigations.*     By  Professor  John  Milnb, 

F.R.S.,  F.G.S.  (Reporter). 

AT  the  present  time  this  Committee  enjoys  the  co-operation  of  38 
similarly  equipped  observing  stetions,  which  are  distributed  in 
a  fairly  even  manner  over  the  different  continents.  All  large  earth- 
quakes are  recorded  at  each  of  these  stations.  At  Professor  Milne's 
station  in  the  Isle  of  Wight  the  number  of  records  obtained  during 
the  year  is  about  150.      A  map  accompanying  the  Ke|>ort  sliows 

*  Report  of  Committee  read  before  Section  A  (Mathematical  and  Physical  ScieoceJ, 
British  Assoi'iation,  Bdivx^l  liiee^^,  §>c^tember,  1902. 
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the  origiDB  from  whioh  these  world-shaking  disturbanoes  have 
originated.  Nearly  all  of  these,  fortunately  for  hamanity,  are 
iobooeanio  and  remote  from  thickly  populated  shores.  From  the 
Bea*waTes  they  sometimes  oreate,  the  increase  in  ooeanio  depths 
found  to  have  taken  place  after  their  occurrence,  and  the  subsidenoes 
or  upheavals  of  neighbouring  shore-lines,  the  inference  is  that  their 
oanse  is  a  caving  in  of  some  ill-supported  portion  of  the  earth's 
crust ;  a  furrow  on  the  face  of  the  world  has  been  deepened,  whilst 
a  bounding  ridge  may  have  been  elevated.  When  these  stupendous 
ofaanges  have  taken  place  near  to  a  volcano  which  has  long  been 
dormant,  the  violent  shakings  of  its  foimdations  have  resulted  in  the 
imprisoned  vapours  suddenly  bursting  into  activity.  An  activity  of 
this  description  was  apparently  the  immediate  cause  of  the  recent 
disasters  in  the  West  Indies;  in  fact,  all  the  recorded  eruptions 
in  these  islands  have  been  preceded  by  sudden  adjustments  in 
neighbouring  rocky  folds. 

Another  section  of  the  Report  treats  of  the  nature  of  the  waves 
which  so  frequently  pass  through  our  earth  and  sweep  its  surface. 
Although  this,  like  other  sections,  is  of  interest  from  a  purely 
sdentifio  standpoint,  we  observe  that  many  of  the  investigations, 
as  for  example  those  bearing  upon  the  choice  of  a  site  for  an 
observatory,  localizing  districts  where  it  would  be  unwise  to  lay 
a  cable,  have  practical  bearings  of  considerable  importance. 

With  a  desire  to  extend  seismological  investigations  on  the  lines 
inaugurated  by  the  British  Association,  we  learu  that  the  German 
Oovemment  had  approached  other  nationalities  inviting  international 
co-operation.  The  Report  before  us  indicates  that  co-operation  of 
this  nature  is  to  a  great  extent  unfait  accompli. 


II. — Note  on  the  Ogoubrengb  of  Bagshot  Beds  at  Combe  Ptne, 
NEAB  Lyme  Reois.^     By  Hobaoe  B.  Woodwabd,  F.R.S. 

IN  the  Summary  of  Progress  of  the  Geological  Survey  for  1900, 
p.  122,  Mr.  Clement  Reid  remarked,  ''  It  is  probable  that 
a  chain  of  outliers  of  the  Bagshot  river-gravels  will  connect  the 
Eocene  of  Dorset  with  that  of  Bovey  Tracey  in  Devon." 

The  cuttings  on  the  new  railway  between  Axminster  and  Lyme 
Regis  have  since  displayed,  in  the  neighbourhood  of  Combe  Pyne 
Hill,  at  an  elevation  of  about  400  feet,  beds  of  fine  white  sand, 
white  pipeclay,  and  white,  red,  and  mottled  stony  clays,  with  much 
rough  flint  and  chert  gravel.  These  beds  have  in  places  a  marked 
inclination  towards  the  east,  due  probably  to  original  deposition, 
and  in  all  respects  they  becu:  a  close  resemblance  to  the  white  and 
coloured  clays  and  sands,  and  the  coarse  gravels,  whioh  border  the 
Bovey  basin  at  Wolborough  and  other  places  near  Newton  Abbot. 
They  rest  on  a  platform  of  Upper  Greensand. 

The  beds  at  Wolborough  I  some  years  ago  regarded  as  equivalent 
to  the  '  plateau  drifts '  of  Haldon,  but  Mr.  Reid  has  recently  brought 

*  Abstract  of  a  paper  read  at  the  Britiah  Asf^ociation,  Belfast,  September,  1902,  in 
Section  C  (Geology).  Communicated  by  permission  of  the  Director  of  the  Geolo^cal 
Snrvev. 


516      Notices  of  Memoirs — Prof.  Cole — Qeology  ofBelfafi. 

forward  evidence  to  show  that  both  are  for  the  most  part  of  Bagtbot 
age,  with  the  exception  only  of  the  deposits  that  have  been  rearranged 
in  later  times.  There  is,  therefore,  good  reason  for  referring  to 
the  Bagshot  series  the  beds  at  Combe  Pyne,  which  are  evidentlj 
tn  siiHy  and  which  possess  so  many  of  the  featares  charaoteristic 
of  that  formation.^ 

m. — The  Gsoloqt  of  thb  Oountbt  in  thb  Nbiqhbourhood  or 
Belfast.'    By  Professor  Gbenvillb  A.  J.  Cole,  F.G.S. 

BELFAST  stands  between  the  lava-plateaax  of  Oainozoio  age  in 
Antrim  and  the  undulating  surface  of  Silurian  rocks  in  county 
Down.  The  special  interest  of  the  district  lies  in  the  preservatton 
of  Mesozoic  rooks,  which  elsewhere  are  scarcely  represented  in 
Ireland.  Schists  and  gneisses  in  the  north-east  of  county  Antrim 
possibly  represent  Arohssan  masses  refolded  during  the  Caledonian 
earth-movem6nts.  The  Caledonian  folds  gave  us  the  crumpled 
country  of  Down,  and  admitted  the  granite  of  Newiy  and 
Castlewellan  along  an  axis  running  north-east  and  south-west 
Both  Ordovician  and  '  Upper  Silurian '  (or  Gotlandian)  strata  aie 
represented  in  this  area.  The  conglomerate  of  Cushendun  is 
probably  of  Old  Bed  Sandstone  age ;  but  the  Carboniferous  Lime- 
stone, which  is  so  marked  a  feature  of  Ireland  as  a  whole,  plays  only 
a  small  part  in  the  north-eastern  counties.  The  Carboniferous  strata 
of  Ballyoastle,  west  of  'Fair  Head,  are  mainly  sandstones  with 
intercalated  coed-seams,  on  the  same  horizon  as  the  Calciferons 
Sandstone  of  the  South  of  Scotland. 

A  patch  of  marine  Permian  strata  occurs  east  of  Belfast,  at 
Holy  wood  ;  and  the  British  type  of  Trias,  red  rocks  with  salt  and 
gypsum,  is  well  represented  under  the  basalt  capping  that  has 
preserved  it.  The  Rbsetic  sea  spread  into  this  area,  and  terminated 
far  west  against  the  Londonderry  highlands  :  the  Lias  also  began  to 
form,  and  is  now  finely  exposed  at  Waterloo,  close  to  Lame.  It  is 
questionable  if  higher  Jurassic  beds  than  those  now  left  to  us  were 
ever  laid  down  in  this  region ;  elevation  and  denudation  certainly 
set  in  early,  aud  the  country  remained  dry  land  until  the  middle  of 
Cretaceous  times.  Then,  in  the  westernmost  extension  of  the  great 
Chalk  sea,  the  sands,  conglomerates,  and  white  limestone  of  Antrim 
were  deposited,  representing  the  Upper  Cretaceous  of  England  in  a 
thickness  of  about  100  feet.  The  cliffs  of  hardened  chalk,  between 
red  basement-beds  of  Trias  and  the  black  basalt  scarp  above,  form, 
in  Glenariff  and  Murlough  Bay,  one  of  the  most  beautiful  contrasts 
in  our  Islands.  It  is  clear  that  in  early  Eocene  times  both  the 
counties  of  Antrim  and  Down  were  covered  with  a  rolling  series  of 
Chalk  uplands,  resembling  on  a  less  massive  scale  our  present 
Salisbury  Plain.  This  quiet  and  newly  upheaved  country  was 
destined  to  be  devastated  by  volcanic  action,  more  continuous  and 
extensive  than  had  been  seen  in  the  British  Isles  since  Old  Red 
Sandstone  times. 

*  Particulars  of  the  Bections  arc  giveu  in  the   Summary  of  Propjess  of  thf 
Geolo|]^cal  Survey  for  1901,  pp.  53-59. 
'  Kead  before  the  British  AjBSOciation,  Belfast,  Sept.  1902,  in  Section  C  (Geology). 
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The  groand  was  first  broken  by  rifts  running  from  sontb-east  to 
Dorth-west,  and  these  were  qaiokly  filled  by  basio  lavas.  Flow 
after  flow  emerged  across  the  country,  filling  np  the  hollows  carved 
by  denadation,  and  forming  in  time  continuous  plateaux.  Although 
a  few  explosive  vents  were  established  here  and  there,  fluid  basalt 
was  the  great  feature  of  these  eruptions.  A  time  of  quiet  followed, 
when  the  lake-deposits  and  iron-ores  of  Glenarm,  Ballypalady,  etc., 
were  aooamulated  ;  and  sporadic  outbreaks  of  rhy elite  appeared,  the 
most  prominent  being  that  of  Tardree  Mountain.  Then  the  basie 
sraptions  were  renewed,  and  the  columnar  basalts  of  the  Oauseway 
3oa8t  belong  to  this  second  epoch  of  activity. 

Mr.  Starkie  Gardner  has  referred  these  volcanic  masses  of 
NTorthern  Ireland  to  early  Eocene  times,  from  a  study  of  the  plant- 
remains  in  the  associated  lake-deposits.  Hence  we  find  the  marine 
dretaoeons  beds  followed  by  a  terrestrial  and  igneous  Eocene ;  and 
possibly  some  of  the  latest  vents  were  active  in  Oligocene  times, 
rhenoeforward  we  know  nothing  of  Irish  geological  history  nntil  the 
GHaoial  Epoch,  which  has  left  such  piles  of  Boulder-day  and  gravel 
loross  the  coantry.  The  latest  featare  of  interest  is  the  blue  marine 
)lay  of  Belfast  and  Magheramome,  full  of  exquisitely  preserved 
poet-Pliocene  fossils.  This  lies  unconformably  on  the  glacial  drift, 
md  represents  a  comparatively  recent  submergence  and  re-elevation. 
rhe  raised  beacb  of  Lame,  with  flint-chips  in  it  prepared  by  man, 
indicates  the  modem  date  of  the  movements  of  elevation. 

When  we  go  south  from  the  immediate  neighbonrhood  of  Belfast, 
&e  Moume  Mountains  rise  conspicuously,  their  summits  being  far 
more  bold  than  those  of  the  adjacent  Caledonian  granite  ridge. 
They  are  also  formed  of  granite,  which  cuts  across  basic  masses ; 
the  latter  are  seen  at  Oarlingford  to  be  at  any  rate  post-Oarboniferous. 
[n  turn,  a  few  basic  dykes  of  still  later  date  traverse  the  granite. 
By  its  relation  to  these  two  basaltic  series,  and  its  petrographio 
Identity  with  the  Cainozoic  granites  of  Mull  and  Skye,  we  need  not 
besitate  to  regard  the  Moume  granite  as  of  Eocene  age.  It  forms, 
diien,  as  Mr.  MoHenry  has  pointed  out,  an  interesting  deep-seated 
mass  for  comparison  with  the  rhyolitio  lavas  of  the  inter-basaltic 
9poch  in  county  Antrim. 

From  the  above  notes,  which  have  no  claim  to  originality,  it  will 
perhaps  be  seen  how  attractive  the  Belfast  area  is  to  geologists,  by 
reason  of  its  very  contrast  with  the  accepted  types  of  Jurassic, 
dretaoeous,  aud  Cainozoic  deposits,  as  known  to  us  in  the  London 
Basin.  Those  familiar,  on  the  other  hand,  with  the  geology  of  the 
Scottish  Isles,  will  find  many  interesting  points  of  similarity. 

IV. — The  Post-Glaoial  Deposits  of  the  Belfast  Distbiot. 

ft  

By  R.  Lloyd  Pbaeoeb.^ 

THE  silted-up  head  of  Belfast  Lough  and  other  similar  places  in 
the  district  display  a  remarkably  fine  series  of  deposits  extending 
from  the  close  of  the  Glacial  epoch  to  the  present  day,  with  a  rich 

*  Abstract  of  a  paper  read  before  the  British  Association,  Belfast,  Seigtembet^  V9Q1^ 
in  Section  C  (GeoJojgT). 
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fauna,  from  which  much  of  the  history  of  the  interveniDg  period 

may  be  gleaned.     A  typical  section  at  Belfast  shows  the  following 

sequence : — 

ft.  in. 

Surface  clays         ...        ...        ...        ...        ...        ...  6  6 

Tellow  sand  ...        ...        ...        ...        ...        ...  2  0 

M»««>«y{&     :::    :::    :::    :::    :::     I  I 

Grey  sand  2    0 

Jr  cub  ...  ...  ...  ...  ...  ...  ...  ^     " 

Grey  sand  ...        ...        ...        ...        ...        ...        ...  2    0 

Xa>vU  SttllCl      ...  ...  ...  ...  ...  ...  ...  %      " 

Boulder-clay  (base  not  reached) 15    0 

45    0 

The  peat  bed,  which  at  Belfast  is  twenty  feet  below  low- water  leveli 
reappears  between  tides  at  various  other  places  in  the  district  It 
represents  an  old  land-surface,  and  its  fossils  include  the  'Irish 
Elk.'  The  blue  clay  is  the  most  important  bed  of  the  series.  Two 
divisions  can  be  clearly  distinguished  in  it,  the  lower  day  beiog 
littoral,  and  characterised  by  such  shells  as  Scrobieularia  piperaia, 
the  upper  yielding  an  abundant  fauna  pertaining  to  five  to  ten  fathoms 
of  water.  Thrada  convexa  is  a  characteristic  fossil.  In  both  days 
some  of  the  bivalves  occur  in  beds,  each  shell  in  its  natural  position, 
and  many  of  the  species  attain  remarkably  large  proportions.  In 
places  the  Scrobieularia  clay  is  overlaid  by  raised  beaches.  Thus, 
at  Lame,  twenty  feet  of  stratified  gravels,  containing  marine  shells 
and  neolithic  implements  throughout,  replace  the  Thrada  clay,  and 
serve  to  date  it  The  fauna  of  the  Thrada  clay  has  a  distinctly 
southern  aspect  when  compared  with  the  present  fauna. 

As  regards  oscillations  of  level,  the  peat  proves  a  level  higher 
than  the  present  in  certain  places  by  at  least  thirty  feet.  Subsidence, 
irregular  both  as  regards  rate  and  area  affected,  superseded  to  the 
extent  of  fifty  to  eighty  feet ;  the  final  elevation,  which  brought 
about  the  existing  state  of  things,  amounted  to  thirty  or  forty  feet. 

As  regards  climate,  the  northern  fauna  of  the  Glacial  period 
appears  to  have  passed  away  by  the  time  the  peat  was  formed. 
Southern  species  immigrated  till  the  molluscan  fauna  acquired  a 
distinctly  southern  character  in  the  upper  blue  clay ;  then  the  seas 
became  again  colder,  and  the  present  local  molluscan  fauna  has 
a  distinctly  northern  aspect. 

V. — On  the  Mabime  Fauna  op  the  Bouldeb-Clat. 
By  Joseph  Wbight,  F.G.S.* 

11HE  author  has  examined  microscopically  112  samples  of  boulder- 
clay  from  various  places  in  the  British  Isles  and  in  Canada : 
47  of  these  were  from  Ireland,  27  from  England  and  Wales,  22  from 
Scotland,  1  from  the  Isle  of  Man,  and  14c  from  Cauiada.  In  71  of 
the  British  and  in  9  of  the  Canadian  samples  foraminifera  were 
found ;   the  specimens  of  the  clays  had  been  taken  from  various 

*  Abstract  of  a  paper  read  before  the  British  Association,  Belfast,  September,  1902, 
in  Section  C  (Geology') . 
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altitudec,  Bome  few  of  them  from  localities  over  1,000  feet  above  the 
sea.  Almost  all  the  forms  found  are  referable  to  spedes  which  at 
present  live  at  moderate  depths  off  our  ooast,  and  most  of  them  have 
the  fresh  appearance  of  these  species.  NotUonina  depre$$ula  is  often 
met  with  in  great  profusion,  fully  one  half  of  the  entire  specimens 
found  being  referable  to  this  species.  One  hundred  and  thirteen 
species  have  been  found  in  the  clays  of  Ireland,  72  in  those  of  the 
Isle  of  Man,  65  in  England  and  Wales,  40  in  Scotland,  and  15  in 
Canada. 

In  31  of  the  gatherings  no  foraminifera  were  met  with,  whilst  in 
some  of  the  others  they  were  very  rare.  The  absence  or  the  scarcity 
of  specimens  in  some  of  the  samples  may  be  due,  in  part  at  least,  to 
the  droumstances  that  it  was  only  the  first  floatings  from  the  clays 
that  were  examined,  and  also  that  these  minute  organisms  are  liable 
at  times  to  be  overlooked  when  the  material  is  being  examined.  To 
ascertain  how  fax  floatings  could  be  relied  on  for  giving  conclusive 
results,  1  oz.  troy  of  the  boulder-clay  from  Woodbum,  near  Carrick- 
ferguB,  was  examined  with  the  utmost  care.  The  first  floating  was 
found  to  contain  1,400  specimens,  the  floating  process  being  repeated 
25  times  before  specimens  ceased  to  come  up;  upwards  of  600 
additional  specimens  were  thus  obtained.  What  remained  of  the 
eiay  was  then  examined  in  detail  with  the  microscope,  and  67  more 
specimens  were  got  from  it 

In  the  boulder-clay  at  Knock  Glen,  near  Belfast,  79  species  were 
obtained,  many  of  them  being  very  rare  forms,  6  being  only  known 
aa  recent  British  species  from  collections  on  the  west  coast  of 
Ireland,  2  of  these  also  occurring  off  the  west  coast  of  Scotland. 
The  presence  of  these  microzoa  would  lead  us  to  infer  that  the  clay 
at  this  place  was  probably  deposited  in  deep  water,  when  the  land 
stood  at  a  much  lower  level  than  at  present,  and  when  the  marine 
conditions  must  have  been  somewhat  similar  to  what  now  prevails 
off  the  west  coast  of  Ireland. 


YI.  —  The  Fossil  Floba  of  the  Gumbeblamd  Coalfield.^     By 

E.  A.  Newell  Abbeb,  M.A.,  F.G.S. 

THE  Cumberland  Coalfield  lies  along  the  coastline  to  the  west  of 
the  mountains  of  the  Lake  District.  The  towns  of  Whitehaven, 
Workington,  and  Maryport  are  three  of  the  most  important  centres 
of  the  coal  industry  in  Cumberland.  In  this  district  the  Upper 
Carboniferous  rocks  consist  of  two  series,  of  which  the  upper  is  the 
well-known  '  Whitehaven  Sandstone.'  This  is  essentially  an 
arenaceous  deposit,  and  is  often  red  or  purple  in  colour.  It  is 
generally  believed  to  lie  unconformably  on  the  *  Coal-measures ' 
below,  the  latter  consisting  of  argillaceous  and  carbonaceous  material, 
and  containing  almost  all  the  workable  coals. 

The   horizons  of   both    the   '  Whitehaven   Sandstone '   and    the 
'  Coal-measures  *    in    the    Carboniferous    are     disputed    questions. 

1  Abstract  of  a  paper  read  at  the  British  Association,  Belfast,  September,  1902, 
in  Section  C  (Geology). 
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Beoently  some  attempt  has  been  made  to  throw  fresh  light  on  the 
sQbject,  from  the  evidence  of  the  plant-remains  whioh  ooour  in  both 
series,  although  not  so  abundantly  as  in  some  other  coalfields.  A 
full  aooount  of  the  floras,  and  the  conolusions  whioh  have  bees 
attained,  will,  it  is  hoped,  be  published  shortly  elsewhere. 

YII.  —  A    SUHHABY    OF    THE    PbINGIPAL   GhANGBS    IK    SoUTH-EAff 

Englamd   dubino  Plioobne  and   mobb  Rbobnt  Times.'    Bj 
hobaob  woollastom  monokton,  f.l.s.,  f.g.s. 

(a)  Period  ofdepreBBtan  in  South' JBa$t  JSngland. 

1.  Deposition  of  the  bed  from  whioh  the  Box  Stones  came. 

2.  The  Lenham  Beds.    Sea  40  fathoms,  extends  to  Qoildfoid, 
shells  not  rolled,  level  1,000  feet  lower  than  now  (Diestian). 

(&)  Flevation  in  South-MiBt  Ungland,  but  depression  eanUnMee  over 

estuary  of  Rhine, 

3.  Gravel  with  large  flints  of  Upper  Hale,  Aldershot,  and  the 
Pebble  Gravel  ('  Westleton ')  of  the  Ohiltems. 

4.  Coralline  Crag,  submarine  banks  in  rather  shallow  water; 
climate  that  of  South  Europe. 

5.  Bed  Crag  of  Walton  and  Scaldisian  of  Belgium ;   sea-shoie 
deposits,  climate  rather  warmer  than  now. 

The  beds  with  Corhula  gihba  (Poederlian)  complete  Belgian  serieii 
and  that  country  becomes  dry  land. 

6.  Red  Crag  of  Bentley,  Newbourn,  Butley,  sea-shore  deposits. 
The  Amstelian  of  Holland.     Climate  colder. 

{c)  The  depression  of  the  estuary  of  the  Bhine  extends  to  South-Easi 

England. 

7.  Norwich  Crag  deposited  in  sea-water  of  wide  estuary. 
Chillesford  Clay,  shells  not  rolled  or  water-worn,  level  lower 
than  now. 

8.  Weybourne  Crag  and  Bure  Valley  Beds,  depression  extending 
and  consequent  introduction  of  Tellina  halthiea. 

(d)  Period  of  great  and  extensive  elevation. 

9.  Cromer  Forest  Bed,  level  and  climate  as  now. 

10.  Leda  myalis  Bed,  marine  with  oyster-beds,  shells  in  position 
of  life.     Slight  local  depression. 

11.  The  Chobham  Ridges  Gravel  and  the  Plateau  Gravels  around 
Reading  over  300  feet  CD.  come  in  here. 

12.  Arctic  Fresh-water  Bed,  flood  loam  with  Succinea, 
The  shells  of  Bridlington  Shell  Bed  lived  about  this  time. 

13.  The  Cromer  Till  and  Contorted  Drift.  First  great  ice-sheet 
Lower  Boulder-clay  of  many  places,  Bridlington  Shell  Bed,  and 
Shell  Bed  of  Moel  Tryfaen,  etc.     Land  higher  than  now. 

(e)  Depression  possibly  only  local  in  South-JSast  JSngland, 

14.  The  Middle  Glacial  Sand  and  Gravel,  result  from  melting  ioe. 

1  Read  before  the  Bii^Yi  Xfi&QxsiB.^oii,  Bfi!\li&st,  8e\it.  1902,  in  Section  C  (Geology). 
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(/)  Period  of  renewed  great  eUvaiion  poBiihly  eonUnuoue  mih 

period  (d)  in  the  far  north. 
i.  The  Great  Chalky  Boulder-olay.    loe-sheet  extending  oyer 
3  area. 

,B. — At  some  time  during  Periods  (d),  (e),  (/),  the  land  in 
h  Europe  was  raised  to  some  8,000  feet  higher  than  now,  and 
is  probable  date  of  completion  of  excavation  of  Scottish  lochs 
Norwegian  Qords. 

(g)  Period  of  depre$$ion, 

I.   Corhieula  flwninaliB  Beds  of  Grays  and  Crayford.     Mammili- 
is  beds  of  Sewerby  and  Hessle.     Slight  depression, 
arine  Gravel  of  Holderness  100  feet  O.D.,  Brighton,  Goodwood, 
Raised  Beaches.    Farther  depression. 

[h)  Period  of  eUvalion  over  large  area.     Last  great  iee-eheet. 

'.  Plateau  Gravel  of  Norfolk  in  part,  and  much  of  the  Thames 
ace-gravel.     Purple  and  Hessle  Clay  of  Yorks. 
lell-banks  of  Rockall,  etc.,  show  elevation  of  Iceland,  Scotland, 
vay,  to  some  600  feet  higher  than  now. 

I.  Mundesley  '  River  Bed  '  near  close  of  this  period, 
robably  the  Raised  Beach  of  Clacton,  etc.,  belongs  to  a  final 
)d  of  depression  (time  of  Yoldia  Clay  of  Christiania),  and  in 
way  there  was  a  subsequent  elevation  during  which  the  terraces 
le  fjords  were  formed. 


YIII. — A  Bbitish  and  a  Finland  Mbtbobitx. 

is  of  extreme  interest  to  record  that  a  meteorite  fell  near 
Crumlin,  county  Antrim,  on  Saturday,  September  13th,  at 
0  a.m.  Although  the  British  Association  was  holding  its 
:ing8  ten  miles  away,  no  one  thought  it  worth  while  to 
Btigate  what  appeared  to  be  a  hoax,  and  it  remained  for 
L.  Fletcher  to  go  over  about  a  week  later  and  secure  the  stone 
himself.  We  quote  Mr.  Fletcher's  own  account  of  this  fall, 
)h  appeared  in  the  Qlohe  newspaper : — 

As  for  the  stone  itself,  it  weighs  9  lb.  5^  oz. ;  it  is  7^  inches 
,  6^  inches  wide,  and  3^  inches  thick.  Its  form  is  irregular 
distinctly  fragmental ;  there  are  nine  or  ten  faces,  each  of  them 
itly  concave  or  convex ;  the  edges  are  rounded.  Five  of  the 
)  are  similar  to  each  other  in  character,  and  except  for  minute 
Dgs  and  projecting  points,  are  smooth  ;  they  show  those  large 
avities  which  are  common  on  meteoric  stones,  and  have  been 
led  in  shape  to  '  thumb-marks ' ;  the  remaining  faces  are 
rent  in  aspect,  and  have  a  low  ridge-and-furrow  development ; 

are  doubtless  due  to  fractures  during  the  passage  of  the  stone 
iigh  the  earth's  atmosphere,  possibly  to  the  break-up  at  the 
lent  of  detonation.  A  crack  going  nearly  half-way  through  the 
lorite  at  a  distance  of  an  inch  from  an  outer  face  was  probably 
3d  by  impact  on  the  larger  stone  met  with  in  the  soil.  The 
lOrite  is  virtually  completely  covered  with  the  ohataAtAtvEAi^csroa^ 
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whioh  IB  formed  during  the  passage  of  sudh  bodies  through  the  aii; 
the  orast  is  in  parts  blaok,  in  parts  brown,  perhaps  owing  to  tbe 
inflaence  of  the  soil.    On  the  smoother  faoes  already  referred  to» 
the  omst  is  thicker  than,  and  different  in  aspect  from,  that  on  tbe 
remaining  faoes.    From  this  it  is  inferred  that  the  meteorite  broke 
up  in  the  earth's  atmosphere  at  an  early  part  of  its  ooorse,  when  tbd 
speed  was  still  so  enormous  that  the  heat  produced  by  oompressioii 
of  the  air  in  front  of  the  quickly  moving  stone  was  sufficient  to 
scorch  the  newly  broken  surface,  for  a  fresh  fracture  of  the  stone  if 
quite  light  in  colour.     In  one  part  the  crust  is  iridescent  in  pniple, 
blue,  and  pink  colours.     Here  and  there  bright  partiolee  of  s 
metallic  alloy  of  iron  and  nickel  interrupt  the  continuity  of  the  dark 
orust    On  one  of  the  smaller  surfaces  of  latest  fraoture  there  is 
Tisible  a  section  of  a  large  flat  nodule  of  the  bronze-coloured 
protosulphide  of  iron,  troilite,   which  is  a  charaoteristio  mineral 
constituent  of  meteorites,  and  is  not  found  as  a  native  terreatrtal 
product.     Owiug  to  the  presence  of  particles  of  nickel-iron  dispersed 
through  the  stony  matter,  the  meteorite  affects  the  mag^netio  needle, 
though  not  to  a  great  extent     A  mould  of  the  meteorite  has  been 
made  from  which  models  will  be  prepared ;  a  detailed  mineralogioal 
and  chemical  examination  of  the  material  of  the  stone  will  be  at  onoe 
begun." 

The  Bjurbolb  Meteobitk. — Wilhelm  Ramsay  and  L.  Borgstrdm 
contribute  to  the  Bulletin  de  la  Commission  geologique  de  Finlande 
(No.  12,  1902)  a  full  account  of  this  fall,  which  occurred  on  the 
12th  March,  1899.  It  smashed  through  the  ice  which  covered  the 
Qord,  and  bedded  itself  in  the  mud  to  tbe  depth  of  six  metres.  The 
ice  at  tbe  point  was  40  cm.  thick,  and  fortunately  there  was  onlj 
90  era.  of  water,  so  its  recovery  was  not  difficult.  It  was  recovered 
in  several  pieces,  the  total  weight  of  the  lot  being  328  kilograms. 
Its  chemical  composition  seems  to  be  of  especial  interest,  but  we 
have  not  room  for  further  detail,  and  must  refer  the  reader  to  the 
original  paper.     Bjurbole  is  about  50  kilometres  N.£.  of  Helsingfore. 

IX. — Shobt  Notices. 

1.  Pliocene  Voles. — Dr.  Forsjth  Major  has  studied  the  Voles 
from  the  Upper  Val  d*Arno  and  the  Norwich  Crag,  and  his  results 
are  embodied  in  a  valuable  note  in  the  Proceedings  of  the  Zoological 
Society  of  London,  just  issued.  According  to  Dr.  Major,  Mr.  Newton's 
Microttu  intermedius  forms  a  well-defined  group  of  Uiese  animals,  not 
a  species,  and  is  raised  to  the  rank  of  a  genus,  Mimomys.  Three  species 
are  defined  altogether,  but  the  author  wisely  says,  "  I  am,  however, 
quite  convinced  that  at  least  double  this  number  of  species  ought  to 
be  recognised,  and  am  only  prevented  from  doing  so  at  present 
because  I  do  not  wish  to  found  species  on  isolated  teeth,"  remarks 
which  might  well  be  taken  to  heart  by  describers  of  scraps  and 
fragments  of  bone  and  other  imperfect  and  indeterminable  materiaL 

2.  Gabbonifebous  Abachnids.  —  When  studying  the  Arachnids 
from  the  Permian  ol  Boli«m\«L  Cot  my  work  <'  Fauna  der  Gbskohle  '* 
(says  Professor  Dr.  Anton  '£tv\.«c^i'^,\  ciun^  \a  ^^  ^aoiOfiluBion  that  no 
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dofinite  judgement  was  poesible,  before  the  Araohnida  figured  and 
deaoribed  by  Corda  and  Euata  from  the  Bohemian  Carboniferous 
had  been  re-examined.  Towards  the  oondusion  of  the  work 
mentioned  above,  I  took  this  in  hand  and  prepared  a  work  with 
many  plates  and  restorations,  which  work  will  perhaps  appear 
before  the  end  of  the  year.  I  oame  to  the  following  results, 
which  are  here  noted  sinoe  they  interest  a  wide  oirole. 

C^elophikdlimiiu  aemor,  Oorda,  has  no  circle  from  the  lateral  to  the 
large  middle  eyes,  but  there  are  merely  angular  gpranules  on  the 
median  keel,  as  one  sees  in  recent  Buthidlsd. 

The  restored  figures  of  the  eyes  of  Cyclophthalmua,  whioh  Oorda 
g^ves  on  p.  37,  as  well  as  those  of  recent  Androctonus,  are  fanciful 
and  haye  no  basis  in  fact 

Such  position  of  the  eyes  as  Oorda  figures  for  Androctonus  exist 
in  no  known  soorpion,  and  must  have  arisen  from  his  mistaking  the 
grannies  of  the  median  keel  for  eyes. 

OifdaphthalmuB  has  merely  two  large  median  eyes,  and,  anteriorly 
on  each  edge,  three  lateral  eyes,  as  in  the  recent  Buthus.  I  have 
obeerred  the  latter  in  two  species. 

The  Anthracomarta  belong  to  the  Trogulidaa,  and  it  was  necessary 
to  settle  which  of  the  portions  represented  in  the  impressions  belongs 
to  the  upper  and  which  to  the  under  sides.  JEophrtfnus  comes  near 
to  Trogulfu,  and  has  nothing  to  do  with  Fhrynu; 

The  various  genera  of  spiders  which  Eusta  has  described  belong 
to  the  Arthrolycosidaa,  which  are  the  forerunners  of  the  Mygalidsa. 

The  spider  from  Nyran  (Promygale)  shows  by  the  possession  of 
marginal  plates  a  connecting  link  between  the  Trogulidas  and  the 
Arthrolyoosidaa. — A,  FriUch,  Zool.  Anzeiger,  xxv,  16  June,  1902. 

8.  FiBST  Stsps  in  PHOTO-MiOBoaBAPHY.  By  F.  Mabtin  Dunoak, 
F.R.H.S.  (the  Amateur  Photographer's  Library,  No.  25) .  Grown  8 vo ; 
pp.  104,  with  16  text  figures.  (Loudon  :  Hazell,  Watson,  &  Viney, 
Ltd.,  1902.     Price  la.  nett.) 

Li  this  little  work  the  author  describes  the  methods  and  apparatus 
for  use  in  low-  and  high-power  photo-micrography ;  also  develop- 
ment, printing,  and  lantern-slide  making.  The  work  is  manifestly 
the  result  of  the  author's  own  practical  experience,  aud  will  be 
of  great  service  to  geologists  who  desire  to  produce  their  own 
photographs  and  to  make  lantern-slides  of  minute  objects. 

4.  ACROTHYRA  AND  HyOLITHESI  A  CoMPABISON,   By  Q.  F.  MaTTHEW, 

D.So.     Trans.  Boy.  Soc.  Canada,  ser.  ii,  vol.  vii,  sec.  iv,  p.  93. 

Having  described  a  new  genus  of  Bracbiopods  from  the  Beisal 
Oambrian  rocks  of  Cape  Breton,  Dr.  Matthew  proceeds  to  compare  it 
with  the  genus  Syolilhea,  in  which  he  finds  analogous  conditions  of 
growth  and  musculation.  Acrothyra,  the  new  Bracbiopod,  is  very 
like  in  form  to  the  obtuse  tubes  of  certain  Hyolithes,  and  appears  to 
have  lived  under  somewhat  similar  conditions. 

A  close  comparison  of  the  muscular  systems  in  these  two  forms 
shows  some  points  of  resemblance,  and  others  of  radical  difference  ; 
the  two  forms,  therefore,  are  not  supposed  to  be  very  closely  related, 
but  to  be  independent  types,  separately  developed  itQitCL>i}(i^^^x\si^ 
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5.    HyOLITHEB    QRACILI8  AND  RbLATBD    FoBMS   FROM  THE  LOWB 

Gambbian  of  thb  St.  John  Oboup.    By  G.  F.  Matthbw,  LLD. 
Trans.  Boy.  Soc.  Canada,  ser.  ii,  vol.  vii,  seo.  iv,  p.  109. 

A  very  slender  form  of  Syolithes,  a  variety  of  M,  gracilis  of  ths 
Paradoxidet  CElandieus  (of.  P.  Te$$ini)  zone,  from  a  somewhat  lower 
horizon,  is  described  in  this  paper.  The  form  resembles  OrtholkeM 
Mermelini,  Holm,  from  the  base  of  the  Oambrtan  in  Sweden,  bat  hai 
a  more  projecting  dorsal  lip.  Figures  are  given  to  show  the  formi 
of  this  speoies  found  in  the  St.  John  Group.  The  shell  has  seveial 
chambers  in  the  apex,  and  so  is  of  the  subgenus  Cameroiheea,  Ths 
operculum  was  not  found. 

I^  H  V  I  H  "W  S. 

Mbmoibs  of  the  Gbologioal  Subybt  of  England  and  Walei. 
(London,  E.  Stanford,  and  of  all  booksellers.) 

1.  The  Geology  of  the  Countbt  abound  Southamftoh 
(Explanation  of  Sheet  316).'  By  Clement  Bbid,  F.B^; 
with  contributions  by  W.  Whitakeb,  F.R.S.  8vo  ;  pp.  70,  with 
illustrations  of  Chalk  and  London  Clay  fossils,  also  PalsBoUthio 
implements  and  geological  sections.     (1902.     Price  Is.  6d.) 

fllHlS  area  comprises  a  part  of  the  Hampshire  Basin  formed  of 
X  Chalk  and  Tertiary  strata,  and  modified  by  some  minor 
undulations  in  the  strata.  Thus  the  Portsdown  anticline,  whidi 
occurs  to  the  east,  has  been  shown  to  affect  the  area  from  the 
occurrence  of  several  new  inliers  of  London  Clay  (pp.  10  and  41). 

Special  attention  is  directed  to  the  fossils  of  the  London  Clay 
and  Bracklesham  Beds ;  and  to  the  flint  implements  of  the  plateaa 
and  valley  deposits,  which  are  illustrated.  So  many  and  varied 
fossils  occur  in  the  Bracklesham  Beds  of  the  New  Forest  at  Brook, 
Bramshaw,  Huntingbridge,  and  Southampton,  as  shown  by  the  lists 
given  pp.  27-34  and  p.  40,  that  a  more  liberal  number  and  better 
quality  of  illustrations  might  well  be  expected.  Indeed,  the  ares 
is  so  extremely  prolific  in  fossil  remains  that  it  deserves  and  vrill 
no  doubt  obtain  a  more  extended  memoir  at  no  distant  date. 

Records  are  given  by  Mr.  Whi taker  of  numerous  well-sections. 

2.  The  Geology  of  the  Country  abound  Exeter  (Explanation 
of  Sheet  26).  By  W.  A.  E.  Ussher,  F.G.S.  ;  with  Notes  on  the 
Petrology  of  the  Igneous  Rocks  by  J.  J.  H.  Teall,  M.A.,  F.R.S. 
8vo ;  pp.  122,  with  20  Illustrations  in  the  text.   (1902.  Prioe  2«.) 

IN  this  work  there  is  an  account  of  the  unproductive  Culm- 
measures,  and  full  particulars  of  the  subdivisions  of  the  New 
Red  Sandstone  series  which  occupy  a  large  portion  of  the  country 
around  Exeter. 

Much  interest  attaches  to  the  volcanic  rocks  which  occur  in  the 
lower  part  of  the  New  Red  Sandstone,  and  a  petrological  description 
of  these  is  contributed  by  the  Director  of  the  Geological  Survey* 
There  are  notes  also  on  the  superficial  deposits,  water-supply,  eta 

*  This  memoix  has  a\iccu^^  Win  x^ietrod  to  in  the  Gbolooxcal  MAOAzcm  ifx 
October,  p.  478. 
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A  long  interval  may  well  have  elapsed  between  the  resarvej 
the  area  and  the  publioation  of  this  Explanation,  for  we  do  not 
id  any  reference  to  the  wonderful  diaoovery  by  Dr.  G.  J.  Hinde  and 
r.  Howard  Fox  ^  of  Badiolarian  rocks  in  the  Lower  Calm-measares, 
liioh  embrace  a  large  extent  of  the  Exeter  area,  dealt  with  in  this 
emoir,  although  the  paper  was  read  before  the  Geological  Society 
June,  1895. 

PaUoontological  evidence  has  been  of  late  shown  to  be  as  important 

ever  to  the  stratigraphical  geologist,  and  no  '  Royal  Hammerer  * 

n  afford  to  neglect  it  if  he  values  his  reputation  for  *  up-to-dateness.' 

8.  The  Geology  of  the  Countbt  abound  Bingwood 
(Explanation  of  Sheet  314).  By  Clement  Beid,  F.B.S. ;  with 
contributions  by  F.  J.  Bennett,  F.G.S.,  and  E.  E.  L.  Dixon, 
B.Sa,  F.G.S.  8vo;  pp.  62,  with  4  Illustrations  in  text. 
(1902.  Price  !«.  Price  of  Sheet  314  and  a  colour-printed  map 
of  the  Bingwood  district,  1«.  6d.) 

T  would  be  an  excellent  plan  if  with  every  Memoir  published  by 
the  Survey  the  colour-printed  map  or  sheet  belonging  to  the 
cplanation  were  (as  in  this  instance)  found  folded  up  inside 
e  cover.  It  would  add  enormously  to  its  worth. 
A  description  is  given  in  this  Memoir  of  the  north-west  portion 
the  Hampshire  Basin,  including  the  fine  range  of  Chalk  hills 
rdering  Cranbome  Chase  on  the  north-west,  and  a  part  of  the 
otnresque  woodland  of  the  New  Forest,  formed  of  Tertiary  strata, 
\  the  south-east 

Attention  is  called  to  the  evidence  of  an  old  river-course,  which, 
obably  in  Newer  Pliocene  times,  connected  the  Salisbury  rivers 
ith  Southampton.  On  p.  34  is  given  an  explanation  aided  by 
very  useful  diagram  of  the  Biver  Valley  Terraces  of  the  Avon, 
>m  100  to  400  feet  above  sea-level,  which  Mr.  Clement  Beid  divides 
to — (a)  Pliocene  (high  plateau),  400  feet;  (6)  Early  Glacial; 
)  Eolithic  (second  terrace) ;  (d)  Palseolithic  (first terrace);  («)  Late 
[acial  (valley  gravel) ;  (/)  Alluvium  (100  feet),  down  to  the 
esent  river  channel. 

Well-sections  are  given  in  au  Appendix. 

The  map,  which  has  been  executed  at  the  Ordnance  Survey  Office, 
clearly  and  well  printed  on  a  scale  of  one  inch  to  the  mile ;  the 
jnes  and  boundaries  are  very  legible  and  distinct,  and  the  colours 
easing  to  the  eye.  The  Geological  Survey  is  certainly  to  be 
ngratulated  on  the  introduction  of  colour-printed  one-inch  maps. 

4.  Summary  of  Pbogbbsb  of  the  Gxological  Survey  of  the 
United  Kingdom  and  of  the  Museum  of  Practical 
Geology  for  1901.  8vo;  pp.  220,  with  7  Illustrations. 
(London,  1902.     Price  1«.) 

t  AYE  in  the  margin,  there  is  no  author's  name  to  this  work.  The 
)  whole  represents  the  Director's  Report  for  the  year  1901,  and 
ould  have  borne  his  name  on  the  title-page^  as  the  responsibility 
r  it  rests  upon  his  shoulders. 

'  See  Quart.  Journ.  Oeol.  Soc.,  vol.  11  (1896),  pp.  609-66S,  ^\a.  T.^-T3xva.. 
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The  Summary  oontains  a  rather  full  aooount  of  the  field- woik  of 
the  Geological  Survey  in  England  and  Wales,  Scotland  and  Ireland, 
and  of  the  chemical,  petrological,  and  paliBontologioal  work  in 
connection  therewith,  also  the  work  of  the  Museums  in  London 
and  Edinburgh. 

Progress  has  been  made  in  Oomwall  and  Devon  in  subdividing 
the  great  Eillas  formation,  and  even  the  Granite  of  the  Land's  End 
area  has  proved  susceptible  of  critical  subdivision.  In  the  Soath 
Wales  area  the  detailed  examination  of  the  Coalfield  has  proceeded 
as  far  west  as  Swansea,  and  some  new  inliers  of  Silurian  rooks  hate 
been  detected  in  Gower.  The  resurvey  of  the  Midland  Coalfieldi 
has  been  continued. 

In  Scotland  further  particulars  have  been  obtained  with  regard  to 
the  Highland  Schists  and  the  various  Granite  masses.  Gretaoeoas 
rocks  have  for  the  first  time  been  noticed  in  Soay  Sound  and 
Bcalpay. 

In  Ireland  the  Drifts  have  been  surveyed  in  the  Dublin  area. 

Analyses  of  South  Wales  Coals  have  been  commenoed,  and  some 
notes  on  weathering  of  Magnesian  Limestone  are  published. 

A  list  is  given  on  pp.  94,  95  of  various  maps,  sections,  and 
memoirs  issued  during  1901  for  England  and  Wales,  e.g..  Sheets 
261  and  262  (Bridgend),  in  one  map.  Index  Map,  Sheets  8  and  11 
have  been  revised,  and  Sheet  12  reprinted.  Forty-nine  manuscript 
coloured  copies  of  6  inch  sheets  and  quarter  -  sheets  have  been 
deposited  in  the  Office  at  Jermyn  Street  for  public  referenoe. 
Three  sheets  of  vertical  sections  have  been  published.  A  list  of 
memoirs  and  extra-official  publications  is  added. 

Details  of  the  palaeontological  work  performed  in  the  Museam 
and  Survey  Office  for  Scotland  in  Edinburgh  are  given  on 
pp.  177  to  182.  Two  sheets  of  the  1  inch  map  have  been  published— 
one  of  Arran,  part  of  Bute,  aud  the  Cnmbraes,  the  other  of  Looh 
Lomond,  Loch  Katrine,  and  Callander.  A  list  is  also  given  of  extra- 
official  publications  for  the  year. 

For  Ireland  thirteen  1  inch  maps  have  been  revised  and  issued 
at  the  Dublin  Office.  These  maps  relate  almost  entirely  to  the 
Ordovician  and  Silurian  rocks  of  Ireland,  and  should  prove  of  much 
interest  to  geologists.  In  Appendices  A  and  B  Mr.  H.  A.  Allen 
furnishes  lists  of  figured  and  type  specimens  of  British  fossil 
Phyllocarida  and  British  Palasozoic  Echinodermata  preserved  in  the 
Museum  of  Practical  Geology,  London.  We  hope  soon  to  see  the 
whole  of  the  types  and  figured  specimens  belonging  to  the  Survey 
published  separately  ;  they  will  be  of  the  greatest  value  to  workers 
in  palaeontology. 

We  congratulate  Mr.  J.  J.  H.  Teall,  the  Director  of  the  G^logioal 
Siiri^ey,  on  the  excellent  work  of  1901,  and  look  forward  to  even 
greater  results  in  1902. 

The  Board  of  Agriculture  desire  to  give  notice  that  copies  of  all 
the  Memoirs  and  Maps  of  the  Geological  Survey  may  be  obtained 
from  any  agent  for  tbo  sale  of  the  Ordnance  Survey  maps,  or  through 
any  bookseller  liom  \!\i^  Ot^tvwicfc  ^>\t^^^  Office,  Southampton. 


Carrespondenee — 0.  Beid-^J.  E.  Marr — 8.  8.  Buckman.    527 


0FFA8TER  FILULA, 

Sib, — ^Mr.  Sherbom  is  right  as  to  the  unfortunate  slip  in  the 
leoently  published  Memoir  on  the  Geology  of  Southampton.  Having 
Dr.  Barrois'  book  open  before  me  when  I  wrote  the  paragraph, 
I  seem  to  have  forgotten  for  the  moment  the  more  reoent  authorities. 
Elsewhere  I  have  oorreotly  referred  the  highest  Chalk  in  that 
i^ighbourhood  tc  the  zone  of  Actinoeamax  qwidratuB. 

Clbmsnt  Beid. 

October  Bth,  1902. 


LAKES  OF  SNOWDONIA. 


Sib, — In  my  letter  whioh  appeared  in  the  September  number  of 
your  Magazine  Tp.  430,  line  16  from  top  of  letter)  is  an  erratum 
which  destroys  the  significance  of  the  sentence.  For  <  sunny '  read 
'snowy.'  J.  B.  Mabb. 

Cambridob,  Oetober  9th,  1902. 


RIVER  DEVELOPMENT. 


Sib, — Because  I  frankly  admitted  that  statements  in  my  paper  in 
Natural  Science,  vol.  ziv,  1899,  might  be  termed  "  mere  speculation," 
giving  as  the  roMon  that  the  maps  which  we  can  obtain  do  not 
supply  sufficient  information  for  the  precise  study  required, 
Mr.  Strahan  thinks  he  was  justified  in  characterizing  my  work  as 
'*  transgressing  the  limits  of  legitimate  speculation."  Tet  he  had 
just  admitted  not  having  seen  the  paper  in  Natural  Science  when  he 
made  that  remark. 

There  is  all  the  difference  between  my  admission  and  Mr.  Strahan's 
remark.  Any  theory  is  a  speculation.  I  gave  the  grounds 
on  which  the  theory  was  based ;  and  I  followed  out  the  logical 
conclusions.  The  basis  of  the  theory  is  that  the  original  rivers 
flowed  with  the  dip.  As  the  general  dip  of  the  area  in  question  is 
from  north-west  to  south-east,  that  involves  an  original  river-system 
snob  as  was  depicted  in  my  map.  Strong  evidence  in  favour  of  the 
theory  is  found  in  the  peculiar  course  of  the  tributaries  on  the  left 
bank  of  the  Severn,  and  in  the  breaches  of  the  Gotteswold 
escarpment 

It  is  difficult  to  admit  that  in  a  country  of  simple  structure  such  as 
the  Gotteswolds,  a  Chalk  anticline  and  all  that  it  involves  could 
be  masked. 

As  to  the  indefinite  westerly  rise  of  the  Chalk,  is  it  so  very 
great  ?  The  rise  of  the  Oolitic  surface  on  which  the  Chalk  could 
have  rested  is  about  800  feet  in  25  miles.  Having  regard  to  the 
thickness  of  the  Chalk  and  the  extent  of  its  outcrop,  can  its  rise  be 
much  more  than  this? 

One  word  about  the  Moreton  anticline.  I  described  an  anticline 
there,  formed  and  covered  over  again  in  Inferior  Oolite  time.    "^^ 
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need  not  suppose  this  was  the  onhf  antioline.  On  the  prinoiple  of 
"snooessive  movements  along  the  same  line  of  weakness/'  there 
were  probably  several  suooessive  upheavals  along  the  line  of  the 
Moreton  Valley.  One  such  upheaval  may  have  been  post-CretaoeooBr 
only  the  axis  of  suoh  anticlines  runs  north  and  south. 

S.  S.  BncKMAH. 


Betibement  of  Mb.  Fbedbeiok  William  Budleb,  F.O.S. 

To  those  at  all  well  acquainted  with  the  geological,  mineralogical, 
and  mining  worlds  of  London,  no  name  or  presence  is  more  familiar 
at  meetings  of  scientific  men,  or  as  a  lecturer  and  speaker,  Uian  that 
of  Mr.  F.  W.  Budler,  the  eminent  Curator  of  the  Museum  of  Practical 
Geology  at  the  Geological  Survey  in  Jermyn  Street,  S.W. 

Mr.  F.  W.  Budler  (who  retired  September  30th)  has  filled  the  post 
of  Curator  and  Librarian  to  the  Museum  of  Practical  (Geology  since 
the  death  of  Mr.  Trenham  Beeks  in  1879.  Prior  to  this  Mr.  Budler 
was  for  three  years  Professor  of  Natural  Science  in  the  newly-formed 
University  College  at  Aberystwith,  a  post  which  he  relinquished  at 
the  urgent  request  of  the  late  Sir  A.  C.  Bamsay,  in  order  to  take 
up  the  Curatorship  of  the  Jermyn  Street  Museum.  In  earlier  years, 
from  1860  to  1876,  Mr.  Budler  was  Assistant  Curator,  and  during 
this  period  he  prepared  new  editions  of  the  Descriptive  Guide  to 
the  Museum,  and  also  of  the  Catalogue  of  Pottery  and  Porcelab, 
works  which  are  full  of  expert  knowledge. 

As  a  lecturer  and  public  speaker  Mr.  Budler  is  widely  appreciated 
on  account  of  his  clear  and  admirable  exposition  of  whatever  scientific 
subject  he  undertakes  to  discourse  upon,  and  we  trust  that  in  this 
respect  his  career  may  long  continue.  As  a  referee  on  all  matters 
within  his  wide  domain,  he  has  been  unequalled.  Like  Monsieur 
Houdin's  wonderful  bottle,  no  matter  upon  what  particular  subject 
one  may  require  his  assistance,  his  sources  of  knowledge  have 
proved  both  varied  and  unfailing  and  have  only  been  equalled  by 
the  readiness,  the  excessive  kindness  and  amiability  with  which 
he  at  once  has  imparted  his  knowledge  to  all.  As  Treasurer 
of  the  International  Geological  Congress  (London)  in  1888,  his 
energy,  ability,  and  tact  contributed  largely  to  render  that  meeting 
memorable.  Mr.  Budler  has  been  for  long  a  writer  for  the  AthetueHm 
and  other  journals,  and  is  one  of  the  best  -  informed  men  on  all 
branches  of  scientific  literature,  while  having  a  special  knowledge  of 
mineralogy,  anthropology,  and  ceramic  art  His  absence  from  his 
accustomed  study  in  the  Museum  at  Jermyn  Street  will  long  be 
keenly  felt  by  those  who  have  been  privileged  to  know  and  consult 
him.  He  will  be  succeeded  by  Mr.  J.  Allen  Howe,  B.So.,  whose 
training  at  the  Boyal  College  of  Science  and  subsequent  work  on 
the  Geological  Survey  well  qualify  him  for  the  arduous  post  to 
which  he  has  been  api^omt^d. 
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I. — The  Canadian  Rookies.  Pabt  I :  On  a  Collection  of  Middle 
Cambrian  Fossils  obtained  bt  Edwabd  Whympbb,  Esq., 
F.B.O.S.,  FBOM  Mount  Stephen,  British  Columbia.^ 

By  Hbnry  Woodwaed,  LL.D.,  F.R.8.,  F.G.8. 

(PLATE  XXII.) 
(Continued  from  the  November  Number ,  p,  505.) 

rpHE  aooompanying  seotion  (Plate  XXII)  will  serve  to  show, 
L  diagrammaticaUy  (after  Dr.  Ami),  the  saooession  of  the 
Cambrian  rocks  at  Mount  Stephen  and  Mount  Field,  B.C.,  and 
the  position  of  the  Trilobite  bed  on  the  flanks  of  Mount  Stephen 
(referred  to  on  p.  503)  from  which  Mr.  Whymper's  collection  was 
obtained. 

Mr.  C.  D.  Waloott,  in  his  paper  on  the  Cambrian  fauna  of  Mount 
Stephen  (Amer.  Joum.  Sci.  [3],  1888,  vol.  zzxvi,  pp.  161*-166), 
writes :  "  Of  the  nine  or  more  species  found  at  Mount  Stephen, 
six  are  stratigraphicallj  located  in  the  Cambrian  system.  Two 
species — Ogygia  ??  Klotzi  and  Ptychoparia  Cordillera — are  unknown 
from  any  other  locality. 

''The  next  fauna  above  the  Olerwides  beds  of  the  Highland 
seotion  is  of  Upper  Cambrian  or  Potsdam  age,  and  contains 
three  undetermined  species  of  Hyolilhes ;  DiceUocephalua  Pepinenais, 
D,  (type  of  2>.  ilftnn^aotonWa),  DieeUocephalus  sp. ;  Ptychoparia 
(JEidoma  ?)  diasimltB,  Ptychoparia  sp.  ?  ;  Arethusina  Americana ; 
Illanurus  sp.  ?  Of  this  fauna  two  species  are  identical  with  those 
from  the  higher  Potsdam  fauna  at  Eureka,  viz.  Ptychoparia  (JS.  ?) 
di$similia  and  Arethusina  ?  Americana ;  whilst  Belleroparia  antiquata 
and  Dicdloeephalua  Pepinensia  occur  in  the  Upper  Potsdam  sandstone 
of  Wisconsin.  The  presence  of  the  P/euro^omarta-like  shells  and 
the  species  just  mentioned  correlates  the  fauna  of  Mount  Stephen 
with  that  of  the  upper  horizon  of  the  Potsdam  faunas  of  Wisconsin 
and  Nevadcu 

^  Read  before  the  British  Association  for  the  Advancement  of  Science  (Section  C, 
Geology),  Belfast,  September  11th,  1902. 
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"From  the  data  meotioned  I  am  led  to  oonclnde  tliat  tbe  Uoont 
Stephen  fatina  described  b;  Dr.  BomiDger  sbonld  be  referred  to  aboul 
the  horizon  of  the  upper  portion  of  the  Middle  Cambrian  faau. 
This  correlation,  united  with  the  discovery  of  the  OUnMtu-hiM 
by  Dr.  Gteorge  U.  Dawson,  in  1885,  near  Eioking-Horse-Pasi,  on 
the  line  of  the  Canadian  Pacific  Railway,  leads  me  to  think  that 
the  Middle  Cambrian  fanna  will  be  found  to  extend  all  along  the 
western  side  of  the  great  Eeweenawan  continental  area,  from 
Southern  Nevada  far  into  British  America,  and  that  this  area  will 
be  found  to  belong  to  one  geologic  and  fannal  prOTinoe  of  tbe 
Cambrian  system. 

"Dr.  Rominger  describes  the  new  genas  £Molimu»  and  fire  new 
species  of  Trilobitas,  viz.,  Ogi/gia  KloUi,  0.  $errata,  JEmboUm*! 
spinota,  E.  rolimdala,  and  Conoe«phaliteB  CordtUer».  He  slw 
identifies  M^emocephalnt  Salteri  ?  Billings,  Balhyurui  ?  Agnotu 
(compare  A.  integer,  Barr.),  and  the  genera  Orthit,  Oboldla, 
Kutorgina,  Leptttna'/  Meloptoma,  and  HyoUlhet." 

OaToopfliB  KnoTzt,  Bom.,  sp.,  1687. 

O^j/gia  Shfti,  RomiDgOT,  18ST :    Proc.  Acad.  Nat.  Sci.  Philad.,  p.  12,  pi.  i,  fig.  I- 
Ogj/gia  Elolti,  Walcatt,  1888:  A.am.  Jnoni.  Sci.  [31,  vol.  xutI,  p.  106. 
Of/i^iipnt  Klaici,  Walcott,  1888:  Proc.  U.S.  Nat.  Viu.,  vol.  li,  p.  446. 
Offygia  [C^y^optii]  Kiotzi,  Koem..  G.  F.  Matthew,  1899 :  Proc.  &  Trang.  Bof.  Soc. 
Canada  [2],  to),  v,  p.  S8. 


This  Trilobite  is  ona  of  the  most  abundant  of  the  species  obtained 
from  the  Middle  Cambrian  of  Mount  Stephen,  B.C.  In  Mr.  Wbymper'i 
collection  ^theie   aie  t.'«e'n\.^-e\g\^t  nearly  complete   examples  tB& 
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twelve  pygidia.     There  are  also  fourteen  examples  of  0.  KloUif 
junior,  showing  the  younger  stages  of  this  well-preserved  species. 

Rominger  states  that  this  species  attains  a  length  of  11  centimetres 
and  a  breadth  of  6  centimetres,  and  that  specimens  graduate  down 
to  as  small  as  16  millimetres  in  length.  Of  the  fine  series  brought 
home  by  Mr.  Whymper,  only  two  or  three  examples  have  the  free 
cheeks  attached  to  the  head.  This  suture-line,  separating  the  free 
cheek  from  the  fixed  cheek  and  glabella,  was  evidently  a  weak  line 
of  union  in  the  hard  head-shield  of  most  Trilobites,  save  in  forms 
like  IllanuSt  Homalonotus,  etc.,  in  which  it  is  generally  more  firmly 
united  to  the  head. 

One  is  at  first  struck  by  the  remarkable  family  likeness  between 
0.  Klotzi  and  0.  Buehi  from  our  own  Llandeilo  Flags,  but  after 
a  more  careful  comparison  one  observes  many  important  points  by 
which  to  distinguish  them  from  one  another.  In  0.  Kloizi  the 
difference  between  the  length  and  breadth  is  as  11cm.  to  6  cm., 
whilst  in  0.  Buehi  the  length  is  12^  cm.  to  10^  cm.  in  breadth. 
Both  the  Mount  Stephen  and  the  Bnilth  specimens,  as  is  usually 
the  case  with  fossils  preserved  in  a  slate  rock,  have  undergone 
considerable  compression. 

The  comparative  length  of  the  head,  thorax,  and  pygidium  is 
3,  3,  and  4  cm.  respectively,  the  tail  being  the  longest  division  of  the 
body.  The  axis  of  the  body,  which  is  18  mm.  wide  at  the  neck-furrow, 
diminishes  very  gradually  to  10mm.  and  less  near  the  distal 
extremity,  but  is  not  visibly  constricted  as  in  0.  Bwhi,  in  which 
the  axis  rapidly  diminishes  from  15  to  5  mm.  in  the  pygidium 
(see  Salter's  figures). 

The  glabella  is  nearly  straight-sided  and  not  expanded  in  front, 
as  is  usually  the  case  in  Ogygia  proper.  There  are  three  lateral 
furrows  in  the  glabella,  which  is  rounded  in  front  and  separated 
from  the  anterior  border  by  a  fairly  broad  rim.  There  is  a  well- 
defined  ocular  ridge,  and  the  palpebral  lobe  is  narrow.  The  neck- 
furrow  is  smooth,  and  about  4  mm.  deep  by  18  mm.  broad. 

The  fixed  cheeks  are  narrowest  at  the  orbits  and  expand  broadly 
in  front  of  the  eyes,  with  a  compressed  semicircular  outline  around 
the  glabella,  and  are  half  as  wide  as  the  glabella  itself,  only  con- 
tracting slightly  before  uniting  with  the  latero-anterior  margin. 
Behind  the  orbits  the  fixed  cheeks  again  expand  outwardly  at  an 
acute  angle,  until  they  reach  the  ends  of  the  neck-segment.  The 
free  cheeks  are  axe-shaped  (the  outer  cheek  border  representing 
the  rounded  cutting-edge  of  the  axe-blade).  The  latero-posterior 
angle  of  the  crescent-like  free  cheek  is  produced  backwards  as 
a  short  stout  spine  which  reaches  to  the  third  free  thoracic  segment. 

Thoracic  segments  eight  in  number,  but  little  curved,  axial  portion 
without  ornament  of  ridges  or  tubercles,  pleural  portion  about  one- 
third  longer  than  width  of  axis;  pleural  groove  distinct,  pleurso 
slightly  curved  and  pointed  at  their  extremities,  and  very  uniform 
in  size ;  pygidium  deep,  but  less  broad  than  in  0.  Buehi ;  ribs  of 
tail  reaching  nearly  to  the  border,  with  no  very  distinct  smooth  or 
striated  margin  as  in  0.  Buchif  only  a  narrow  convex  rim  against 
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which  the  ooaleBoed  plear»  abat  There  are  about  eleven  weU- 
marked  ooalesoed  segments  in  the  pygidium,  and  their  baokwird 
onrvature  is  mnoh  greater  than  that  of  the  free  thoracic  segmeaiSi 
gradaally  increasing  more  and  more  towards  the  extremity  of  the 
tail,  where  they  meet  the  axis  at  a  very  acate  angle  indeed. 

When  comparing  0.  Klotzi  with  oar  English  forms  of  Ogygia  one 
is  led  to  the  conclasion  that  the  earlier  forms  such  as  O.  Sdwfn, 
Salter,  and  0,  peltatQf  are  probably  nearer  the  species  from  Mount 
Stephen  than  is  0.  Bucht ;  but  that  is  not  the  opinion  of  Mr.  Walcott. 
In  any  case  0.  Kloizi  must  be  considered  as  a  remarkably  specialized 
form,  to  be  met  with  in  such  early  rooks  as  the  Middle  Cambrian 
of  Mount  Stephen,  and  has  led  Dr.  Q.  F.  Matthew  to  suggest  that 
this  bed  may  be  really  of  Upper  Cambrian  age. 

Walcott  says  of  this  Trilobite :  ''  This  is  a  fine  large  species,  and 
distinct  from  any  known  to  me  from  the  Cambrian  terrane.  It  is 
more  a  type  of  the  second  fauna  than  of  the  first ;  and  its  reference 
to  the  genus  Ogygia  is  in  accord  with  its  general  characters.  It 
differs,  however,  in  the  important  feature  of  having  an  ocular  ridge 
extending  from  the  anterior  margin  of  the  eye  to  the  dorsal  furrow 
beside  the  glabella.  The  pcJpebral  lobe  is  also  more  narrow  and 
elongate  than  the  eye  of  most  species  referred  to  Ogygia.  All  other 
parts  of  the  head,  thorax,  and  pygidium  relate  it  more  closely  to 
Ogygia  than  to  any  other  genus.  The  oldest  known  species  of  the 
genus,  0.  Selwyni,  Salter,  from  the  Arenig  terrane  of  Wales,  ie  not 
quite  so  closely  related  in  form  to  0.  ?  Klotzi  as  to  the  O.  Buehi  from 
the  Llandeilo  terrane." 

''It  is  remarkable  that  a  genus  showing  so  little  variation  from 
Ogygia  proper  should  occur  at  an  horizon  so  much  lower,  in  an 
area  separated  by  over  5,000  miles  from  that  in  which  the  genus 
flourished  at  a  later  period  in  geologic  history." 

Having  regard  to  the  fact  that  OgygopsiB  Klotzi  differs  from 
Ogygia  proper  in  having  a  well-defined  ocular  ridge  and  a  narrow 
palpebral  lobe,  it  seems  convenient  to  separate  this  Rocky  Mountain 
form  generically  from  the  other  examples  of  Ogygia  as  represented 
by  0.  Buchi,  more  especially  as  the  latter  occurs  in  beds  so  much 
younger  than  the  Middle  Cambrian,  in  which  0.  Klotzi  is  found  (see 
C.  D.  Walcott,  Proc.  U.S.  National  Museum,  1888,  vol.  xi,  p.  446). 

Bathyubiscus  Howelli,  Walcott,  188G. 

Bathyuriscus  Hoicclli,  Walcott,  188G  :    Bull.  U.S.  Geol.  Sun.,   No.  30,  p.  216, 

pi.  XXX,  lijifs.  2,  2a. 
EmhoJimus  rotutidntay  Rominger,  1887  :  Proc.  Acad.  Nat.  Sci.  Philad.,  p.  16,  pi.  i. 
EmboUmua  rotundatus  (Rom.),  "Walcott,  1888  :    Amor.  Journ.  Sci.  [3J.  toI.  xxxri, 

p.  165  ;  referred  to  B.  Howelli. 

There  are  six  nearly  complete  examples  of  this  species  (three 
showing  the  free  cheeks  in  situ,  more  or  less  perfectly)  and  one 
detached  pygidium,  all  from  Mount  Stephen,  in  Mr.  Whymper*8 
collection.  The  figure  represents  the  species  one-fourth  larger  than 
natural  size. 

This  species  might,  at  first  sight,  he  confounded  with  junior 
specimens  of  0.  Klotzi,  Wl  oxi  olo^^r  examination  it  will  he  fouod 
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that  there  are  some  important  differenoes.  The  total  length  of 
a  specimen  of  B,  JSoweUi  is  40  mm. ;  the  head  is  13  mm.  in  length 
by  25  mm.  in  breadth,  the  thorax  17  mm.  in  length  by  23  mm.  in 
breadth,  and  the  pygidinm  10  mm.  in  length  by  20  mm.  in  breadth. 
The  glabella  in  B.  Mowelli  is  broader  in  front  (not  straight-sided  as 
in  O.  Kloizi),  and  has  four  glabellar  farrows  on  each  side  (not  three 
pairs  as  in  0.  Kloizi). 


Fio.  2.~-Bathyuri9cm  Hoicelli,  Walcott,  1886. 
Middle  Cambrian :  Moant  Stephen,  B.C.    One- fourth  larger  than  nat.  size. 

The  head-shield  is  very  short  in  proportion  to  its  breadth ;  the 
fixed  cheeks  are  narrow,  the  anterior  angle  of  the  eye  nearly 
touching  the  glabella  at  its  fourth  furrow,  but  expanding  again  in 
front,  where  it  surrounds  the  glabella  and  forms  a  rather  broad  and 
slightly  raised  margin  to  the  shield.  The  ocular  border  is  directed 
more  forward  than  in  0.  Klotzi,  and  the  latero-posterior  margin  of 
the  fixed  cheek,  where  it  unites  with  the  neck-furrow,  is  rounded, 
not  acute  as  in  0.  KloUi,  The  neck-furrow  and  its  pleursd  are 
broad  and  smooth,  and  do  not  carry  any  tubercles.  The  free  cheeks 
are  rather  narrow,  and  produced  backwards  into  a  short  and  broad 
spine  reaching  to  the  second  segment  of  the  thorax.  The  axis  of  the 
body  is  8  mm.  broad  in  front  and  tapers  to  5  mm.,  where  the  thorax 
unites  with  the  pygidium,  and  is  4  mm.  broad  at  the  distal  end  of 
the  pygidium. 

There  are  nine^  thoracic  segments  in  B.  HotoelU  and  eight  in 
O.  Klotzi.  There  are  six  coalesced  segments  in  the  pygidium  of 
this  species  and  eleven  in  0.  Klotzi.  There  are  no  spines  or 
tubercles  on  the  axis,  and  the  pleursd  of  the  thoracic  segments  are 
straight  and  moderately  pointed  backward  at  their  extremities. 

Several  other  species  of  this  genus,  which  extends  from  the  Middle 
to  the  Upper  Cambrian  (and  which  was  first  proposed  by  Meek  in 

*  In  Bull.  U.S.  Geol.  Surv.,  1886,  No.  30,  p.  216,  Walcott  gives  the  number  of 
thoracic  rings  as  eight ;  but  in  Amer.  Joum.  Sci.  [3],  1888,  vol.  xxxvi,  p.  165,  he 
correctly  gives  the  number  as  nine^  stating  that  in  the  t^'pe  one  segment  had  been 
forced  beneath  the  head,  a  fact  that  was  overlooked  In  the  original  specimen. 
A  comparison  of  specimens  from  Mount  Stephen  with  the  type  from  rioche,  T^evada, 
shows  them  to  be  specifically  identical. 
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1873)  have  been  described,  viz.,  B.  Baydeni,  S.  parabola,  B.  fn- 
dtutu$ ;  the  last-named  may  possibly  be  identical  with  B.  Sowt&i, 
deeoribed  here. 

Dr.  Q.  F.  Matthew  faas  added  another  species  from  Uount  Stepbeo, 
B.G.,  BatKywiteut  pwpa,  Matthew  (18S9),  Trans.  Boy.  Soo.  Cauadt, 
Tol.  V,  p.  51,  pi.  ii,  fig.  5. 

Batetubisqus  (Eootimia)  Dawsoni,  Waloott. 

Belhyvritnu  (Koolmia)  Satcioni,  Walcott,  1888 :    Proc.  O.S.  Nat.  Hiu.,  Tol.  si. 

p.  446.     Middle  Cambmn :   Mount  StepheD. 
DofAyurunu  {Borypyge)  Datcioni  (Walcott),  Matthew,  1899  ;    PrOC.  &  Tniu.  fi'T- 

Soc.  Canada  [2],  vol.  t,  p.  66,  pi.  iii,  fig.  1. 

M.  Cambrian  :  Mount  Stephen.     (Not  in  Whymper  CoUeotiOQ.) 
BATHynEisons  pdpa,  Q.  F.  Matthew,  1899. 

Bathyurisctu  pupa,  G.  F.  Matthew,  1899:   Ptoc.  4  Trans.  Eoj.  Soc.  Canada  [i]. 

Yol.  Y,  p.  51,  pi.  ii.  fig.  6. 

M.  Cambrian  :  Mount  Stephen.     (Not  m  Whymper  Collection.] 

Nbolhkus  birbatdb,  Bominger,  sp.,  1887. 

F  Olmmda  NmaJmii;  Meek,  1877:    U.S.  Geol.  Espl.  40th  Par.,  Palicoflb^. 

vol.  IT,  p.  25. 
F  Oleamda  JVifoifentit,  Walcott,  1886 :   Bull.  U.S.  Geol.  Surt-,  Ko.  30,  p.  IHl. 

pi.  uv,  fig.  7. 
Osygia  terrata,   Rominger,   1887:    Proc.  Acad.  Nat.   Sci.   Pbilad.,  p.   13,  pi.  '• 

i,  p.  *43. 

i.  f3],T0l.  — -^   -   '" 
:   Traas.  1 


In    Mr.    Whymper's  collection   there  are   two   nearly   complete 

examples  and  several   pygidia  of  this  well-marked   species,  will) 

which  it  is  probable  N.  granalalut,  Matthew,'  may  also  be  associated. 

'  G,  F.  Mattliew,  "  Studies  on  Cambcian  Faunas  "  :   Traaa.  Eoj.  Soc.  Canafa 

1899,  p.  55,  pi.  ii,  figs.  lo-(. 
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but  of  this  speoiet  I  have  not  seen  the  original  spedmen,  only  the 
figure.  Dr.  Q.  F.  Matthew  (op.  oit)  is  probably  jostified  in 
separating  this  form  from  Olenoides,  bnt  it  is  very  diffioult  to  deoide 
whether  the  imperfect  specimen  figured  and  desoribed  by  Waloott 
as  the  (Henaidet  Nevadenais  of  Meek  is  identical  with  Kominger*s 
0.  serrata. 

Length  of  largest  entire  specimen  in  Mr.  Whymper*s  collection 
6  cm.,  breadth  4  cm.  (Dr.  Rominger  gives  the  size  of  his 
specimen  as  7  a  long  and  5  a  wide.)  The  head  is  21  mm.  long, 
the  seven  free  and  movable  thoracic  somites  also  21mm.  long, 
and  the  pygidium  17  mm.  long ;  the  glabella  is  13  mm.  broad  at  the 
cervical  farrow,  and  increases  15  mm.  in  breadth  in  front  Three 
lateral  farrows  divide  the  glabella  into  four  lobes  on  each  side ;  the 
fixed  cheeks  form  a  frontal  border  separating  the  glabella  from  the 
margin  of  the  head-shield,  which  is  slightly  raised ;  they  (the  fixed 
cheeks)  are  broader  near  the  front  of  the  head,  and  contract  slightly 
in  front  of  the  eyes,  when  they  expfimd  again  to  form  the  ocular 
bbes ;  then,  after  a  slight  contraction,  they  expand  to  form  an  acute 
angle  laterally  in  uniting  with  the  pleurad  of  the  cervical  ring.  The 
free  cheeks  are  somewhat  narrow,  and  produced  to  form  the  lateral 
spines  of  the  head-shield,  which  extend  backwards  to  the  fourth 
segment ;  the  eyes  are  small  cmd  narrow,  and  unite  with  the 
glabella  by  a  distinct  ocular  ridge  at  their  front  angles.  The  axis 
of  the  neck-furrow  is  as  broad  as  one  of  its  pleursd ;  the  seven  free 
thoracic  rings  have  a  strongly  marked  axis,  which  gradually 
diminishes  from  13  mm.  behind  the  neck-lobe  to  9  mm.  in  front 
of  the  pygidium  ;  the  pleurae  are  as  wide  as  the  axis,  broad  and  flat, 
with  a  strongly  marked  pleural  groove,  and  at  the  fulcral  point, 
which  is  clearly  marked,  their  extremities  are  bent  sharply  back, 
and  are  produced  into  spines  which  overlap  one  another  and 
become  slightly  broader  posteriorly ;  the  five  coalesced  somites  of 
the  pygidium  are  much  expanded  and  end  in  strong  marginal 
spines.  There  is  a  central  tubercle  (or,  according  to  Bominger, 
a  short  spine)  upon  the  axis  of  each  somite  and  five  upon  the 
pygidium.  The  hypostome  (figured  by  Bominger)  is  rounded 
shield  shape  (see  op.  cit,  pi.  i,  figs.  2&,  c). 

"  The  species,"  says  Dr.  G.  F.  Matthew,  "  included  in  the  new 
genus  (Neolenus)  are  closely  related  to  Parabolina  (Salter,  1849) ; 
they  differ  chiefly  in  having  a  longer  pygidium  and  shorter  thorax  ; 
also  the  eye-lobes  are  placed  further  back  and  the  marginal  fold  is 
wider." 

After  a  comparison  of  Dr.  Matthew's  figures  of  Parabolina  (in 
Fauna  of  St.  John's  Group,  Trans.  Boy.  Soo.  Canada,  1891,  vol.  ix, 
p.  51,  pi.  xiii,  fig.  5)  1  am  led  to  the  conclusion  that  the  St.  John's 
specimens  are  too  fragmentary  for  comparison  with  our  Mount 
Stephen  examples,  and  do  not  assist  in  arriving  at  such  a  conclusion. 
Nor  can  the  present  species  be  placed,  as  Dr.  Bominger  believed, 
near  to  Ogygia  Klotzi,  save  as  one  of  an  already  well-differentiated 
group  of  genera  and  species  of  Cambrian  Trilobites. 
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NiOLENCB  aR&nruTna,  Mstthew,  1899. 

ffMmiM  9T(uu^atiu,Q.  F.  Matthew,  1899:   TniH.  Ear-  Soc  C—iii  [4<^*' 
p.  66,  pi.  ii,  flgi.  I<i-«. 
(Very  near  to,  if  not  identical  with  N.  ««rralu.)     M.  Oakia : 
Uount  Sl«phen. 

Pttobofaru  CoBDiLLXBd,  Wsloott,  1888. 

Oim«en\alilf  CwdiUtro,  Bominger,  1887:   Proc.  Aiad.  HiL  So.  FUIid.,p.lT, 

pi.  i,  fig.  7. 
Ftythvparia  CtrSilltra,  Wiilwtt,  1888 :  Amer.  Jonrn.  8d,  [3],  toL  mri,  ^  IM; 
Ptttk^ria  CorditUra,  O.  P.  HatUiew,  1S99:   Tnu.  Bof.  Soe.  CuMai^  «cL  if, 

pp.  44,  4fi,  pi.  i,  fl-  " 


Fta.  4. — Plychaparia  CordilUm,  Rom.,  up.,  1887. 
MiildlvCumbrinii:  Mount  Stephen  and  Ball's  Valley,  B.C.  Enluged  3  tunes  nat  nit- 
Mr.  Wbymper's  oollection  afforcla  twelve  specimenH  of  this  littl< 
Trilobite,  seven  of  which  are  from  Bftll's  Valley  and  five  from  Hoont 
Stephen,  B.C.  Walcott  states  that  he  has  seen  a  specimen  of  thii 
flpeoies  {Ptsekoparia  Cordillerie)  from  Mount  Stephen,  33  mm.  id 
length,  which  bad  nineteen  iboraoic  segments,  agreeing  in  this  respect 
with  Ftyekoparia  Piocheniii  of  Walcott,  from  the  same  horizon  at 
Pioche,  Nevada.  The  head  is,  however,  unlike  the  other  species, 
being  mote  closely  related  to  P.  Ktngi  of  Meek.  (Amer.  Journ.  Sci. 
[3],1888,  vol.  iisvi,  p.  165.) 

G.  F.  Matthews  says :  "  There  appears  to  b«  some  variation  in  the 
number  of  joints  in  the  thorax ;  Dr.  Rominger  enameratea  from 
14  to  17,  but  the  lower  Dumhera  were  probably  mutilated  individuals. 
The  author  has  found  16  as  a  constant  number  in 
examples  16  mm.  in  length  and  upwards  to  the  adult."  The 
relative  number  of  segments  and  the  length  ia  Pti/ehopaTia  Cordilltr* 
are  thus  shown  : — (Walcott),  one  specimen,  23  mm.  long,  with  19 
thoracic  segments  ;  (Matthew),  several  specimens,  16  mm.  long  and 
upwards  to  adult,  IS  thoraoio  segments  (constant)  ;  (Bominger), 
several  epecimwB,  26mm.  Kvenge  length,  17  thoracic  segments. 
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but  in  two  speoimeiiB  one  had  14  s^ments  and  one  15  thoracic 
^ments.  Of  eleven  specimenB  in  the  Whymper  Oollection  three 
had  12  segments,  four  had  13,  one  had  14,  one  had  15 ;  and  two 
had  18  thoracic  segments.  I  think  the  numher  of  segments  ronst 
therefore  be  considered  inconstant,  or  that  an  examination  of  a  larger 
number  of  specimens  may  prove  the  existence  of  a  second  species 
broader  and  shorter  than  JPtyehoparia  Cordillera. 

The  glabella  is  tamid,  bat  rather  narrower  and  ronnded  in  front, 
with  three  marginal  farrows ;  the  fixed  cheeks  sarround  it  in  front, 
the  border  being  bent  npwards  and  forming  a  strong  raised  rim ; 
fixed  cheeks  are  very  broad  in  front ;  eye-lobe  short,  distant  from 
the  glabella,  bat  anited  to  it  by  a  well-marked  ocalar  ridge ;  free 
cheeks  narrow,  with  blnntly  pointed  lateral  spines  which  extend 
backwards  only  to  the  second  free  thoracic  segment;  axis  eqaal 
to  one-third  the  breadth  of  body-segments  in  front,  but  tapering 
gradually  from  4  mm.  at  the  neck-furrow  to  1  mm.  at  the  pygidiam ; 
plenne  parallel,  but  little  curved,  fulcral  groove  deep,  margins  of 
pleune  raised ;  pygidinm  very  small,  oonsietiog  of  three  coalesced 
segments ;  the  axis  extends  nearly  to  the  extremity ;  two  pairs  of 
lateral  farrows  faintly  mark  the  pleursd  in  the  shield. 

I  have  not  been  able  to  detect  the  granulated  ornamentation 
observed  by  Dr.  Matthew  in  this  Trilobite,  nor  the  row  of  low 
tubercles  on  the  median  line  of  the  thorax.  Whether  the  ornament 
can  be  seen  or  not  depends  so  much  upon  the  fineness  or  roughness 
of  the  matrix  in  which  these  small  fossils  are  preserved. 

Dr.  Matthew  observes  that  among  the  Trilobites  of  the  fauna  of 
Mount  Stephen  Ptychoparia  is  the  only  one  which  has  a  specially 
Xiower  Cambrian  aspect.  The  genus  is  now  a  very  extensive  one, 
and  has  absorbed  a  great  number  of  species  formerly  referred  to 
ConocephaliteSf  but  certainly  the  whole  of  the  latter  genus  does  not 
belong  to  Ptychoparia. 

Zaoanthoides  (Olenoides)  spinosus,  Walcott,  1886. 

Olenoides  ipinosut,  Walcott,  1886:  Bull.  U.S.  Geol.  Surv.,  No.  30,  p.  184,  pi.  xxv, 

ngB.  6,  6a. 
Emholimm,  Westwood,  1883  :  Phil.  Mag.,  ii ;  a  genus  of  Hymenoptera. 
{Bmbolimus)  apinota,  Rominger,  1887:  rroc.  Acaid.  Nat.  Sci.  Philad.,  p.  15,  pi.  i, 

fig.  3. 
Zaeanthoides  apinosM,  "Walcott,  G.  F.  Matthew,  1899 :  Proc.  &  Trans.  Eoy.  Soc. 

Canada  [2],  vol.  v,  p.  67. 
Zaeanthoidea  apinoaus,  "Walcott,  1888 :  Amer.  Journ.  Sci.  [3],  vol.  xxxvi,  pp.  164-5. 

Only  one  poorly  preserved  example  (impression  and  counterpart) 
of  this  interesting  form  has  been  brought  home  by  Mr.  Whymper; 
but  by  the  great  kindness  of  Drs.  Whiteaves  and  Ami  I  have  been 
allowed  to  see  four  excellent  specimens,  one  with  a  fine  head, 
selected  from  the  collection  of  the  Geological  Survey  of  Canada,  in 
Ottawa,  made  by  Dr.  Ami  and  others  from  Mount  Stephen. 

The  specimen  is  55  mm.  long  and  35  mm.  broad  across  the  head; 
length  of  head,  17  mm. ;  length  of  thorax,  23  mm. ;  length  of 
pygidium,  15  mm. 
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The  glabella  ia  large,  moderately  oonves,  sides  nearly  itnigbt, 
▼eiy  slightly  expanded  in  front,  reaching  close  to  the  aateiiM 
margin  of  toe  oepbalio  shield,  which  formi  a  narrow  raiaed  rim. 
There  are  four  well-marked  glabellar  furrows,  the  hinder  pair  b«iig 
the  largest,  and  mnning  obliquely  baokw&rds,  the  third  and  fonith 
pain  ouire  forwards  towards  the  front  of  the  glabella. 

The  axis  of  the  oervical  (or  oooipital)  ring  is  slightly  indented  on 
each  side  on  its  anterior  mai^n,  and  there  is  the  raised  bsie  of 
a  central  spine,  directed  backwards,  as  in  other  Onellidn,  altbovgh 
the  spine  itself  is  wanting.  The  side-lobes  or  plenne  of  the  oerricsl 
ring  are  short  and  arched,  and  terminate  laterally  in  a  small  itiHt 
spine  directed  oatwards  and  backwards,  and  lying  well  within  the 
great  lateral  spines  of  the  free  cheek.  The  fixed  cheek  has  a  wids. 
semicircular  expansion  on  each  side  of  the  glabella  above  the  sye, 
teaching  from  the  oervical  fnrtow  behind  to  the  fottrth  furrow  on 
tbe  glabella  in  front,  the  eye  itself  making  a  long  narrow  rvsed 
border  to  the  fixed  cheek.  The  facial  suture  nearly  touches  dw 
glabella  in  front,  and  then  bends  slightly  outwards  in  a  oaired  lias 
until  it  reaches  the  anterior  margin  of  the  bead-shield. 


Fig.  ,■: 


■ida)  tpiiiimts,  17010011,  1886. 


The  head  (in  Zaeanlhoidei)  forms  the  broadest  portion  of  the 
Trilobite,  the  spines  of  the  free  cheeks  being  directed  very  inocb 
outwards  as  well  as  backwards,  and  measuring  42  mm.  acrow- 
Their  points  do  not  reach  further  back  than  the  second  free  somite. 
There  are  nine  free  tboiucio  somites,  the  extremities  of  which  form 
long,  sharply  recurved  spines,  overlapping  each  other  and  incressing 
in  length  from  tbe  head  to  the  pygidium,  the  hindmost  being  more 
than  twioe  as  long  as  tbe  pleura  itself;  the  pleune  diminishing 
rapidly  in  breadth  from  before  backwards  as  their  spices  inoresse 
in  length. 

The  pygidium  has  four  distinct  coalesced  annuli  with  a  termiml 
plate  fringed  by   t\iTe«  &in«\!L  «^vn«B.     The  spines  of   the  four 
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abdominal  or  pjrgal  segments  oorreepond  with  those  of  the  pleura), 
bat  they  diminish  very  rapidly  to  the  extremity  of  the  tail.  The 
axis  of  all  the  free  thoracic  segments  and  perhaps  the  first  of  the 
ooaleaced  oandal  segments  appear  to  have  each  supported  a  central 
roine,  as  in  Zaeanihaides  iypiecUiB,  Olenellns  (Holmia)  Kjendji,  Holm» 
0.  OUberii,  Walcott,  Olenellus  Callavei,^  0,  {Holmia)  Brdggeri,  and 
many  other  Camhrian  forms  of  Trilohites. 

K  one  is  surprised  to  find  a  genus  such  as  Ogygia  Buehi  in  the 
Uandeilo  Flags  of  Builth  represented  in  the  still  earlier  Middle 
Cambrian  fauna  by  0.  Kloixi  at  Mount  Stephen,  B.C.,  it  is  equally 
remarkable  to  find  Zaeanihaides  tpinosut  at  Mount  Stephen,  B.C., 
and  Zi  (0.)  typiealis  (in  Middle  Cambrian),  Fioche,  Nevada,  U.S.A., 
so  closely  resembling  and  preceded  by  such  a  form  as  Olenellus 
(Holmia)  Kjertdfi  in  the  Lower  Cambrian  of  Norway,'  which,  although 
belonging  to  another  genus,  was  clearly  an  ancestral  form. 

Concerning  the  genus  JEmholimus  Mr.  Walcott  writes': — "The 
generic  name  Emholitnus  was  given  by  Westwood  to  a  genus  of 
Hymenoptera  in  1833.  It  was  spelt  Umbolemus  by  Westwood,  and 
was  corrected  by  Professor  Agassiz  to  Mnbolimus  in  his  Nomenclator 
Zoologicus. 

"The  first  species  named  under  this  genus  by  Dr.  Eominger, 
EmbolimuB  ipinosa,  was  described  as  Olenoides  $pinoBU8  in  1886, 
and  the  second  species,  Embolimus  rotundatusy  as  Baihyuriseus 
Howelli. 

"  When  studying  the  Qeorgina  fauna  in  1885,  I  found  that  the 
genus  OlenoideB  was  probably  the  same  as  the  genus  Dorypyge  of 
Dames.  Wishing  more  material  for  comparison  I  left  all  the 
species  under  the  genus  Olenoides.  A  large,  fine  species  of  the 
genus  Olenoidee  was  collected  in  the  Cambrian  shales  of  Northern 
Alabama  in  1886,  which  proved  conclusively  that  Dorypyge  was 
founded  on  a  species  congeneric  with  the  type  of  Olenoides.  I  then 
recognized  that  the  species  Olenoides  typicalis,  0.  spinosus,  0.  levis, 
and  0.  flagricaudattu  formed  a  distinct  generic  group,  which  I  was 
preparing  to  illustrate  when  Dr.  Hominger's  paper  appeared.  As 
the  generic  name  proposed  by  him  is  preoccupied  I  suggest  the 
name  ZaeanthoideSy  including  in  it  Z.  typicalis,  Z.  spinosus,  Z.  levis, 
and  Z.  flagricaudatus.  The  species  remaining  under  Olenoides 
are  0.  Nevadensis,  0.  Marconi,  0.  quadriceps,  and  0.  Wasaichensis. 
After  comparing  specimens  I  found  that  Embolimus  spinosa,  Horn., 
=:  Zaeanthoides  spinosus,  Walcott ;  Embolimus  rotundata,  Horn., 
==  Bathyuriscus  Howellif  Walcott  ;  Ogygia  serrata  =  Olenoides 
Nevadensis,  Meek;  and  that  the  last  two,  ConocephcUites  Cordillera, 
'EU>m.,=i Ftychoparia  Cordillera,  Rom.  (sp.),  and  Ogygia*^ ^  Klotzi, 
Bom.,  are  new  additions  to  the  previously  known  Cambrian  fauna." 

^  Olenellut  Callavei,  Lapworth:  Gxolooical  Magazine,  1891,  pp.  529-536, 
Pis.  XIV  and  XV. 

»  G.  Holm,  «*  On  Olenellus  Ejerulfi  "  :  Foren.  Forhandl.,  1887,  Bd.  ix. 

•  C.  D.  Walcott,  *•  Cambrian  FossU  from  Mount  Stephen,  N.W.  Territory  of 
Canada":  Amer.  Joum.  Sci.  [3],  1888,  vol.  xxxvi,  pp.  161*-166. 
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OBTCTOCBPHALUS.  Wiloott,  1886. 

BnIL  U.S.  G«ol.  Sun.,  I8S«,  So.  30,  p.  210. 

1.  Obtcioocpbauis  Waucbbi,  G.  v.  Hamiew,  1899. 

fltndici  on   Cwnbriui   Fnmu,   Ko.  3:    Irma.  Baj.  Soc  CamOt,    im,  f.  U, 

pi.  iii,  fig.  2. 

U,  Gunbiiui:   Hotmt  Stephen,  B.C.     (Not   in  Omb  VhjmfBi 

CoUectioD.) 

2.  Obtotocbphalub  BmoLDn,  F.  B.  Cowper  Beed,  1899. 
GioL.  Mao.,  Dm.  IT,  Tol.  T1,  pp.  36S~»I. 
U.  Ctunbrum:    Honnt  Stephni,    B.C.     (Not  ia  tim  VlijafV 
ColkcUon.) 


I   Fio.  G.—Orj/eloetphaha  Etynaldti,  F.  B.  Coitper  Ee«l,  1899.' 

^liildle' Cambrian:  Miiunt  SltphcD,  B.C.    (OriEinal  specimen  in  the  WoodwwiiM 

Museum,  Cambridge.) 

This  form  has  heen  fully  described  in  this  Magazine,  Deo.  ITi 
Vol.  VI,  1S9»,  pp.  358-361. 

CoNOCEPB&LiTis  (CoHABPia?)  cf.  PEBSKrs,  Hall,  1662. 
CoHottpkalitei  [Conatpii)  pentui,  Hall,  1862:   Prelim.  Bep.  Fanna  Potsdam  Sand- 

Htone,  Albunv. 
ConKtphaHles  (Cwio.^j?)  prnfiu.  Hall,  G.  F.  Matlbew,  1899  :   Proc.  &  Tnun- 
Roy.  Soc.  Cflnada  [2],  vt.l  v,  p.  46,  pi.  ii,  fig.  4. 
(Glabella^and  fixed  cheeks  only.)     M.  Cambrian  :  Mount  Stephen- 
CoRTNBXOCiiua  RoEKiNOKBi,  Matthew,  1899. 

dr^wzi^hui  BitmwgtH,  G.  F.  MuUhuw,  1899;  rroc.  k  Trms.  Roj.  Sol.  Canidip], 
vol.  Y,  p.  47,  pi.  ii,  lig.  3. 
(Glabella  and  fixed  cheeks  only.)    M.  Cambrian :  Moont  Stephen. 

'  'Bf&gMli.'d^ete^i^  fn^'Em^n'naf  the  anthot. 


Dr.  S.  Woodward— M.  Cambrian  Fossils  of  the  Rockies.      541 
DouoHOMKTOPUS  oooiDSMTALis,  Matthew,  1899. 

JkHkhomtiopm  oceidmitaiit,  Matthew,  1899 :   Proc.  &  Trans.  Roy.  Soc.  Canada  [2], 
ToL  T,  p.  49,  pi.  ii,  fig.  2. 

Only  one  example  known  (12  mm.  long  by  8  mm.  wide). 
Beferred  by  Matthew  to  An(^lin*s  genus  DoUehometopus,  of  which 
only  the  head  is  known  from  Sweden. 

(Unique.)     M.  Cambrian  :  Mount  Stephen. 

AONOSTUS  INTBBSTBIOTUS,  White. 

Probably  there  are  several  species  of  Agnoatus  from  Mount  Stephen. 
A.  inierstrietm  is  certainly  found  there. 

"  This  species,"  says  Waloott,  **  is  very  abundant  at  Antelope 
Spring,  Utah,  where  it  is  associated  with  OUnoides  Nevadensis,  as  at 
Mount  Stephen."     (Amer.  Journ.  Soi.  [3],  1888,  vol.  xzzvi,  p.  166.) 

Whymper  Collection. 

Aqnostus  MONTIS,  Matthew,  1899. 

AgnoftM  tnontitf  Matthew  :  Trans.  Roy.  Soc.  Canada,  vol.  v,  p.  43,  pi.  i,  fi^.  6. 
Apnottus  cf.  integer,  Barr.,  1887 :    Roeminger,  Proc.  Acad.  Nat.  Sci.  Philaa.,  pt.  i, 
p.  18,  pi.  i,  fig.  9. 

M.  Cambrian :  Mount  Stephen,  B.C. 

(Collected  by  Byron  Walker,  Esq.,  F.G.S.)  Geol.  Surv.  Museum, 
Ottawa.     Mr.  Waloott  writes  *  as  follows  : — 

'*  HyoUthellus  micanSf  Billings. — Black,  shiny,  concentrically  striated 
or  smooth,  compressed  tubes  occur  in  the  shale  with  the  Trilobites, 
that  appear  to  be  identical  with  H.  micantt  of  the  Middle  Cambrian 
fauna  of  New  York,  Vermont,  and  Canada.  These  *  slender  stems/ 
mentioned  by  Dr.  Bominger,  may  be  the  same  as  the  slender  shells 
of  this  species  which  appear  like  compressed  stems  formed  of  shiny 
carbonaceous  matter." 

"  It  is  doubtful  what  the  specimen  identified  as  Monocephalus 
Sdlteri?  is.  It  may  be  the  young  of  Bathyuriactis  Howelli,  The 
specimen  figured  as  Balhyurus?  is  too  badly  defined  to  identify  it. 
Of  the  remaining  genera  mentioned  by  Dr.  Bominger  I  do  not  find 
any  traces  in  the  material  before  me  with  the  exception  of  a  fragment 
of  OriJUsr 

" Kuiorgina  Prospecienaia,  Waloott? — A  fragment  of  a  species  of 
Kutorgina,  closely  related  to  K,  Proapectenaia,  occurs  on  the  slate 
in  association  with  Piychoparia  Cordilleree.  It  is  not  improbable 
that  it  represents  a  new  species." 

Among  the  specimens  obtained  by  Mr.  Whymper  from  Ball's 
Valley,  23  miles  distant  from  Field,  may  be  mentioned  Ogygopais 
Kloizif  Baihyuriacua HowelU,  Ptychoparia  6'ordt7/6r<?(8even specimens), 
Agnoatua  interatrictuaf  Stenoiheca  rugoaa,  etc. 

Dr.  J.  F.  Whiteaves,  F.G.S.,  Palaeontologist  to  the  Oeological 
Survey  of  Canada,  gives  in  The  Canadian  Record  of  Science,  1893, 
vol.  V,  pp.  205-8,  a  figure  and  description  of  a  new  genus  and 
species  of  Phyllocarid  Crustacean  from  the  Middle  Cambrian  of 
Mount  Stephen,  B.C.,  of  which  Mr.  Edward  Whymper  also  secured 
four  examples,  one  of  which  is  figured  here. 

'  Amer.  Joura.  Sc*.  [3],  1888,  vol.  xxxvi,  p.  IG/i. 
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AwomaloearU  (gen.  dot.). — "Canpaoe  andits  appendages  nakBovi 
or  too  obscniely  indicated  for  their  characters  to  be  defined ;  bedy 
many  jointed  and  consisting  of  not  lees  than  nine  to  thirtacs 
s^ments,  ezclnsiTe  of  the  candal  segment;  Tentxal  portioa  of 
each  of  the  body-segments  bearing  a  pair  of  alender,  nanoi^ 
elongated  and  acately  pointed,  simple  and  probably  bnmekiil 
appendages,  of  the natnreof  aropode, or  foot-giUs  (?) ;  posterior  tenusil 
segment  margined  with  three  pairs  of  caudal  spines,  one  tenuml 
and  the  other  two  lateral ;  the  posterior  pair  of  nropods  represented 
in  the  woodcnt  apparently  belonging  to  a  pre-candal  s^ment  wimB 
posterior  boundary  has  been  obliterated. 


Fig.  7.  —  Anomaloear'a  CanadentU,  Whiteares  (1892).  Three-foartlis  Bit  a» 
(anterior  part  of  cazapaoe  conjeetaral).  Drawn  br  Miss  6.  If.  Woodnrd 
from  a  gpecnnen  in  Tery  dark  shale  from  the  >[i3d]e  Cambrian  of  Mflonl 
Stephen,  obtained  by  £<fwazd  Whymper,  Esq.,  F.R.6.S.,  in  1901. 

"  Body,  inclnsive  of  the  tail,  elongated,  slender,  decreasing  sbwlj 
in  size  from  the  anterior  to  the  posterior  end,  rather  strongly  carted 
posteriorly  and  nearly  straight  anteriorly,  the  length  of  the  portioa 
preserved  varying  in  different  specimens  from  nine  to  ten  oentimetret 
(as  measured  at  from  abont  the  mid-height  and  following  the  corre 
of  each),  and  the  height  or  depth  at  the  imperfect  anterior  end  from 
twelve  to  seventeen  millimetres,  exclusive  of  the  ventral  appendages. 
Body  or  abdominal  segments,  which  in  all  the  specimens  collected 
are  abnormally  flattened  laterally,  a  little  higher  or  deeper  thsa 
long,  broader  above  than  below ;  the  pair  of  ventral  appendages  are 
straight  and  prolonged  downward  at  almost  a  right  angle  to  the 
main  axis  of  the  body,  for  although  there  is  a  slight  divergence  in 
each  pair,  neither  are  directed  distinctly  backward  nor  forward. 
Between  each  pair  of  segments  there  is  evidence  of  a  wedge-shaped 
or  very  narrowly  triangular  lateral  area  or  interval,*  which  is 
broadest  or  widest  below  and  does  not  seem  to  extend  quite  to  the 
dorsal  margin.  At  the  posterior  end  the  segmentation  is  very 
obscurely  defined.  Caudal  spines,  which  are  simple,  slender, 
longitudinally  elongated,  and  acutely  pointed,  averaging  6  mm. 
in  length  by  about  1  ram.  in  breadth  at  the  base ;  the  three  pairs 
of  spines  about  equal  in  length,  though  the  two  lateral  ones  are 
placed  farther  forward  than  the  central  and  terminal  pair.  Surface 
markings  entirely  unknown. 

''This  genus  and  species  are  based  upon  upwards  of  fifty  specimens 

1  This  npace  appears  to  have  been  occupied  by  a  membranoas  connection  which 
united  the  harder  ter^^I  portion  of  each  somite  to  its  fellow ;  the  integument,  howerer, 
mu>t  have  been  very  lYmi,  '^o\>q^\^  V^<&  >^'q.\.  oi  Agut  and  iranehipM. 
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DoUeoted  from  a  band  of  shale  of  Middle  Cambrian  age  at  Mount 
Bt^han,  near  Field  Station  on  the  Canadian  Pacific  Railway.  Two 
yf  these  specimens  were  collected  by  Mr.  B.  G.  MoConnell,  of  the 
Geological  Surrey  of  Canada,  in  1888,  and  the  remainder  by 
Dr.  TBL  M.  Ami,  of  the  same  Survey,  in  1891.  The  species  seems 
to  have  been  somewhat  gregarious  in  its  habits  when  living,  for 
upwards  of  twenty  specimens  of  it  are  exposed  on  the  surface  of 
I  large  slab  of  shale  collected  by  Dr.  Ami  at  this  locality,  and 
Fourteen  upon  that  of  another.  It  is  associated  with  numerous 
ipedeB  of  Trilobites,  Brachiopoda,  etc.  All  the  specimens  of 
d.  Canadensis  are  crushed  quite  flat  laterally,  and  occur  as  obscurely 
lefined  and  extremely  thin  carbonaceous  impressions  of  the  body- 
segments,  with  the  tail  (the  latter  usually  a  little  twisted)  on  each 
>f  the  surfaces  exposed  by  splitting  pieces  of  the  shale. 

"  The  generic  name  Anomalocaris  (from  auofioio^^  '  unlike ' ;  icapi^, 
a  shrimp ' ;  i.e.  unlike  other  shrimps)  is  suggested  by  the  unusual 
ihape  of  the  uropods  or  ventral  appendages  of  the  body-segments 
md  the  relative  position  of  the  caudal  spines. 

''Ten  genera  of  Fhyllocarida  have  previously  been  recorded  as 
Kxmrring  in  the  Cambrian  rocks  of  Europe  or  America.  These 
ndude  Ceratiocaris,  McCoy  (1848),  Hymenocaris,  Salter  (1853),  and 
Protoearis,  Walcott  (1884).  To  these  may  now  be  added  Anomalo' 
'arts,  which  differs  from  the  other  three  genera  of  Cambrian 
%yllocarids  in  the  following  particulars: — In  Ceratioearis  the 
audal  appendages  consist  of  a  median  telson  or  style  and  two 
ateral  stylets.  Further,  although  ventral  appendages  to  the  bodv- 
egments  have  been  discovered  in  one  species  of  Ceratioearis,  the 
7.  stygia  of  Salter,  yet  these  are  represented  as  'broad  and  paddle- 
haped,'  not  slender  and  acutely  pointed^  as  in  Anomalocaris.  In 
Tymenoearis,  according  to  Professor  H.  A.  Nicholson,  the  'hinder 
srmination  of  the  body  is  adorned  with  three  pairs  of  unequal 
pines,'  but  in  the  woodcut  of  the  type  and  only  known  species  of 
hat  genus,  the  H.  vermicauda,  which  is  reproduced  in  so  many 
talsBontological  manuals,  all  of  these  spines  are  represented  as 
srminal  and  the  body-segments  as  devoid  of  any  ventral  appendages. 
%e  first  specimens  of  Hymenoearis,  by  the  way,  were  collected  by 
)r.  Selwyn  in  1846  in  the  Lingula  Flags  near  Dolgelly,  Merioneth- 
hire.  The  Protocaris  Marshii  of  Walcott,  from  the  Middle  Cambrian 
f  Vermont,  is  described  as  having  no  fewer  than  thirty  narrow 
egments  'between  the  posterior  edge  of  the  carapace  and  the 
3lson,'  and  a  telson  *  which  supports  two  caudal  spines.' "    (J.  F.  W.) 

We  are  prevented  by  want  of  space  from  giving,  as  we  had  hoped 
>  do,  a  complete  summary  of  the  Mount  Stephen  fossils,  and  must 
ere  conclude  our  imperfect  sketch  of  this  most  interesting  fauna, 
xpressing  the  hope  that  the  Canadian  Geological  Survey  will  before 
>ng  publish  the  whole  series  in  a  monograph  form. 

^  After  a  careful  study  of  Mr.  Whymper^s  specimens  I  am  inclined  to  think  these 
rutely  pointed  and  spine-like  appendages  may  have  been  fringed  with  fine  hairs,  of 
hich  1  have  here  ana  there  detected  traces. 
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II. — Thr  Canadian  Rockies.      Part  II :  On  some  Book-spbcixsns 

COLLEOTICI)    BY   E.    WhYMPEB,    EsQ.,    F.R.S.E.,   IN    THB   CANADIAN 

Rocky  Mountains. 

By  Professor  T.  G.  Boxney,  D.Sc,  LL.D.,  F.R.S. 

THE  Canada  Pacific  Railway  crosses  the  watershed  of  the  Rocky 
Mountains  at  Hector  or,  as  it  is  sometimes  called,  Kicking 
Horse  Pass,  and  the  specimens  hrought  back  by  Mr.  Whymper 
represent  a  district  extending  for  some  twenty  miles  on  each  side 
of  the  track,  either  on  or  west  of  the  divide.  The  first  group  wa» 
obtained  from  summits  lying  near  the  railway  on  its  southern  side. 
Of  these  Mount  Whyte  is  about  three  miles  from  it  on  the  divide, 
which  is  crossed  by  Pope's  Col  just  to  the  north  of  that  summit,  and 
about  a  mile  to  the  north-east  of  the  latter  rises  Mount  St.  Piran. 
About  3^  miles  south  of  Mount  Whyte,  Mitre  Col  leads  from  the 
Lefroy  to  the  Horseshoe  glacier,  between  Mount  Lefroy,  which  is 
on  the  divide,  and  Mitre  Peak  on  the  eastern  side  of  it. 

The  specimen   from   the   summit  of  Mount  Whyte   [2017] '  is 

*  The  numbers  arc  those  on  Mr.  WhymperV  ppccimeiLs,  which  may  be  undePsUwi 
to  have  1kh;u  tivkeii  from  rotk  in  sifi},  unless  there  l**  an  express  .statement  to  the 
coiitrarj-. 
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a  nearly  white,  fairly  orystalline  limestone,  whioh  under  the  mioro- 
foope  proves  to  be  oomposed  of  oaloite  grains  (slightly  dolomitio 
and  banded),  varying  in  diameter  from  aboat  *0014  to  *025  inch, 
with  a  slight  brown,  feebly  pleochroic  stain  in  one  or  two  places, 
and  a  few  very  dark  brown  specks  (?  iron-oxide).  The  fragment 
from  the  sammit  of  Pope's  Col  [2016]  is  a  darkish-grey  sub- 
orystalline  limestone,  weathering  to  a  paler  tint,  crossed  by  a  thin 
Tein  of  oaloite  which  slightly  projects  on  a  weather-worn  surface. 
Microscopic  examination  shows  it  to  be  a  dolomitic  limestone  com- 
posed (except  for  a  slight  staining  near  a  vein)  of  grains  fairly 
uniform  in  size  and  often  about  *005  or  *006  inch  in  diameter.  The 
summit  of  Mount  8t  Piran  [2019]  is  a  rather  slabby  and  banded 
quartzite  of  a  brownish  or  purplish  grey  colour,  obviously  containing, 
especially  in  one  band,  an  iron-oxide  which  weathers  away  in  brown 
specks.  The  microscope  shows  it  to  be  mainly  composed  of  quartz 
grains  in  finer  and  coarser  bands,  the  former  being  mostly  subangular 
and  often  rather  less  than  *001  inch  in  diameter.  A  few  grains, 
however,  are  a  brownish  grey  colour,  and  exhibit,  with  crossed 
niools,  a  minute  aggregate  structure,  possibly  resulting  from  the 
alteration  of  felspar ;  these  are  from  '025  to  *035  inch  in  diameter, 
and  usually  well  rounded.  One  or  two  streaky  aggregates  of 
chlorite  are  present,  and  this  mineral  can  be  detected,  though 
seldom,  in  the  last-named  grains.  There  may  be  a  little  minute 
rutile.  The  quartz  cementing  the  larger  grains  of  the  same  mineral 
is  in  optical  continuity  with  that  to  whioh  it  adheres,  though  the 
outline  of  this  is  often  defined  by  a  line  of  iron-oxide.  Obviously 
most  of  the  latter  was  deposited  almost  simultaneously  with  the 
cementing  silica.  The  rock  from  the  summit  of  Mitre  Ool  [2018] 
is  a  rudely  prismatic  (jointed)  fragment  of  a  darkish  subcrystalline 
limestone,  with  small  white  spots  rather  irregular  in  shape  and  size. 
A  slice  cut  parallel  with  the  probable  direction  of  bedding  shows 
a  general  similarity  to  that  from  Pope's  Col,  except  that  here  and 
there  patches  occur  composed  of  grains  nearly  treble  the  ordinary 
diameter,  but  with  no  recognizable  sign  of  organic  structure.  A  few 
dark-brown  specks  are  probably  iron-oxide.  The  summit  rock  of 
Mitre  Peak  [2020]  is  a  rather  crystalline,  nearly  white  limestone, 
somewhat  mottled  by  dull  and  darkish  lead-coloured  spots,  whioh 
is  rudely  defined  by  joint  and  bedding  planes.  A  slice  out  per- 
pendicular to  the  latter  shows  it  to  be  a  crystalline  limestone,  almost 
without  sign  of  dolomitization.  Grains  about  -015  inoh  in  diameter 
occur  in  patches,  the  rest  being  about  half  that  width.  Some  small 
grains  and  specks  of  iron-oxide  are  present. 

The  next  group  of  specimens  come  from  the  neighbourhood  of 
Mount  Ball,  which  rises  on  the  divide  a  little  to  the  south  of 
Vermillion  Pass  and  about  26  miles  S.S.E.  of  Hector  Pass.  Of  these 
[2010],  [2012],  and  [2014]  come  from  a  valley  on  the  east  side  of 
the  divide  which  leads  from  the  north  to  Mount  Ball.  The  first, 
labelled  "from  the  great  boulder,"  is  a  pale-grey  subcrystalline 
limestone,  with  minute  crystals  sparkling  in  a  compact  matrix,  like 
that  of  some  of  the  purest  British  Carboniferous  limestones*    Tl\^ 
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second  is  a  dark  limeetone,  probably  tinted  by  oarbonaoeoofl  matter 
and  not  Tory  pore,  which  aasames  a  brownish  tint  in  weathering.    On 
one  side  portions  of  foor  trilobites  are  exposed.'    The  last  number     I 
covers  three  specimens  from  the  moraine  of  the  glacier  in  Bill 
Valley.     One  is  a  rather  dark  limestone,  compact  in  stmotoie, 
not  unlike  some  of  our  Carboniferous  limestones,  in  which  are  some 
irregular  white  spots  and  occasional  white  streaks  up  to  aboata 
quarter  of  an  inch  in  length ;  a  second  is  not  quite  so  dark,  but  bn 
only  a  few  small  spots  ;   the  third  (smaller)  is  a  prism  with  natortl 
faces,   paler  in  colour.     These  two  much  resemble  specimens  of 
British  Carboniferous  Limestone.     A  slice  from  the  first  shows  a 
mosaic  of  grains,  rather  Yariable  in  shape  and  size,  and  ranging  from 
about  -0025  to  *005  of  an  inch  in  diameter.      Most  of  them  are 
crystalline  calcite,  but  the  brighter  tints  of  some  suggest  the  presence 
of  dolomite,  or  possibly  chalybite.    The  white  spots  prove  to  be 
irregular  aggregates  of  similar  but  larger  grains,  often  about  -02  iocb 
in  diameter.    The  matrix  includes  a  few  crystalline  grains  of  a  dear 
colourless  silicate,  two  of  which,  about  -025  inch  long,  are  fairlj 
idiomorphic,  being  bounded  by  edges  in  the  prism-pinacoid  zoue, 
and  those  of  pyramids  or  domes  meeting  at  an  angle  of  about  70°. 
They  extinguish  at  a  small  angle,  about  5°,  with  the  former  linaa, 
include  a  few  granules  of  calcite,  and  probably  are  a  secondary 
felspar.     [2015],  from  the  summit  rock  of  Ball  Pass,  is  a  compsot 
darkish  limestone,  bounded  by  four  rhomboidal  joints,  and  showing 
at  right  angles  to  these  slight  signs  of  lamination.     Under  the 
microscope  this  structure  is  more  conspicaous,  for  it  proves  to  be 
composed  of  granules  of  calcite,  with  a  faint  staining,  divided  by 
linear  bands  of  grains,  about  -0025  inch  in  diameter,  separated  by 
a  dark-brown  material,  and  presenting  a  slightly  fragmental  aspect. 
A  number  of  minute  cracks,  filled  with  more  coarsely  crystalline 
calcite,  run  at  high  angles  to  the  banding.     This  specimen  may 
have  been  affected  by  a  shearing  crush.     [2013],  from  the  summit 
of  Mount  Francklyn,  which  rises  just  north  of  Vermillion  Pass,  is 
an  oblong  slab,  four  of  its  surfaces  being  natural ;  apparently  it  is 
a  compact,  rather  muddy  limestone,  a  dull  grey,  weathering  brownish, 
in  colour,  with  a  faint  and  slightly  wavy  cleavage,  which  makes  an 
angle  of  about  25^  with  the  (natural)  top  and  bottom  surfaces  of 
the  slab. 

The  next  group  of  specimens  comes  from  the  Mount  Stephen 
district.  This  peak  lies  a  short  distance  to  the  E.N.E.  of  Field 
(4,026  feet),  which  is  a  station  on  the  Canada  Pacific  Railway  a  few 
miles  west  of  the  divide.  [2011], ''  from  a  height  of  about  6,000  feet 
on  this  mountain,*'  is  a  rather  slabby,  dark  calcareous  mudstone, 
something  like  Llandeilo  Flag,  but  weathering  to  a  browner  tint.' 

Cathedral  Peak  [2035],  E.N.E.  of  Mount  Stephen  (but  also  west 
of  the  divide),  is  a  stratified  limestone,  the  broader  bands  darkish 
grey,  the  thinner  weathering  to  a  browner  tint,  but  little  streaks 
with  a  similar  habit  occur  in  the  other.    Dennis  Pass  is  to  the  south 

*  For  a  description  of  these  by  Dr.  H.  Woodward  see  pp.  536  and  541. 

'  For  a  description  oi  the  loaai\&  on  \\.  %q&  Dr.  Woodward's  paper,  pp.  529-543. 
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of  Moaot  Stephen,  between  it  and  Mount  DenniB.  The  rook  from 
the  snmmit  [2021]  is  a  flattish  slab,  formed  by  a  vein  of  quartz, 
from  about  a  quarter  to  nearly  half  an  inch  in  thickness,  slightly 
iron-stained  on  both  sides,  with  a  little  pale  greenish-grey  phyllite 
idhering,  in  which  are  some  more  distinctly  micaceous  streaks,  the 
rook  no  doubt  having  been  much  affected  by  pressure.  On  the  west 
bank  of  the  Kicking  Horse  Biver,  facing  Mount  Stephen,  is  Mount 
Bargees.  From  the  summit  one  of  Mr.  Whymper's  guides  brought 
a  piece  of  dark  grey  limestone  [2039]  resembling  one  from  our 
Lower  Carboniferous.  Under  the  microscope  it  is  found  to  consist 
of  minute  grains  of  calcite,  of  a  pale  brownish-grey  tint,  in  which 
thin  brown  lines  indicate  a  rude  cleavage  ;  two  or  three  cracks  being 
filled  by  calcite.  It  is  probably  a  pressure-modified  limestone. 
From  the  base  of  the  mountain,  about  one-third  of  a  mile  from 
Field  and  nearly  at  the  level  of  Hector  Pass,  two  specimens  were 
collected  from  rock  exposed  in  blasting  a  road  to  the  Emerald 
Lake.  One  is  a  chip  of  rather  dark  compact  limestone,  weathering 
to  a  paler  tint,  not  unlike  the  summit  rock ;  the  other  is  a  similar 
rook,  but  covered  in  parts  with  a  tufaceous  deposit.  Mr.  Whymper 
remarks  that  round  about  Field,  or,  indeed,  at  most  places  in  the 
Bookies,  which  have  nearly  the  same  elevation  above  the  sea,  it 
is  very  difficult  to  find  rook  in  sitH,  for  it  is  masked  by  forest  or 
buried  under  vast  quantities  of  soil  or  debris. 

The  next  specimens  come  from  mountains  some  fifteen  miles  to 
the  north-west  of  Field  and  to  the  south-west  of  Mount  Collie,  or 
from  a  mass  forming  a  kind  of  spur  between  two  tributaries  of 
the  Columbia  Biver,  namely.  Kicking  Horse  Biver  on  the  south  and 
Blaeberry  Creek  on  the  north.  The  summit  of  Mount  Marpole 
£2022]  is  a  dark  grey  compact  limestone,  which  weathers  to  a  pale 
brown  colour  and  shows  on  a  polished  surface  numerous  small 
epherical  bodies,  of  a  yellowish-brown  colour,  often  with  a  greyer 
central  spot,  which  have  some  resemblance  to  the  grains  of  an 
oolite,  but  weather  out  more  quickly  than  the  rest  of  the  rook. 
The  matrix  under  the  microscope  is  formed  of  calcite  grains, 
perhaps  slightly  dolomitio,  somewhat  variable  in  size  and  shape, 
and  enclosing  a  number  of  rather  oval  bodies  about  *05  inch  in 
longer  diameter,  commonly  composed  of  an  outer  shell  of  grains 
(diameter  about  *001  inch)  with  an  approach  to  radial  arrangement, 
and  a  core  of  smaller  grains  and  granules,  with  a  little  interstitial 
brown  colouring  (?  bituminous).  Here  and  there  we  find  a  grain, 
neither  composite  nor  so  large,  suggesting,  but  not  conclusively,  an 
organic  origin.  The  rook  seems  to  have  undergone  a  considerable 
amount  of  mineral,  followed  possibly  by  some  mechanical  change. 
The  summit  of  Mount  Kerr  [2023]  is  a  very  similar  rock,  but  with 
rather  smaller  and  paler-coloured  spots,  which  under  the  micro- 
scope are  seen  to  be  approximately  spherical  and  composed  of 
grains  of  calcite,  outlined,  and  even  faintly  tinted,  by  brownish 
material,  embedded  in  clear  granular  calcite,  much  of  the  same 
eize,  a  little  dolomitio,  and  showing  a  slight  bending  of  the  cleavage 
planes,  indicative  of  strain.    Probably  both  these  rooks  are  f&Q\n«v\^«^ 
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altered  oolitee.  Dr.  Collie  brought  back  a  fragment  (l^'^'*^)  ^^ 
a  similar  structure  from  the  district  considerably  farther  iM»tL 
From  the  foot  of  these  momitains  Emerald  Pass  leads  eastwards  to 
Emerald  Lake.  The  rock  from  its  summit  [2024]  is  a  pale  grey, 
▼ery  compact  limestone,  like  one  of  the  pnrest  English  Carfoonifenmi 
limestones,  with  rhomboidal  jointing,  weathering  bnfT  ooloar,  and 
developing  a  fine,  slightly  wavy  banding.  The  strootore,  on  mienn 
scopic  examination,  proves  to  be  doe  to  coarser  and  finer  giains  (d 
calcite,  slightly  dolomitic.  Two  or  three  irregularly  outlined,  Isiger 
grains  are  suggestive  of  an  organic  origin.  Other  scattered  specks  aid 
^ains  occur,  the  latter  hematite.  Mount  McNicoll  is  near  Emersid 
Fass,  and  its  summit  [2027]  is  a  greyish  limestone,  which,  from  it* 
brown  weathering,  must  contain  a  fair  amount  of  iron.  It  hat 
a  rather  earthy  odour  and  efifervesces,  but  not  very  briskly,  with 
HCl,  and  is  probably  not  very  pure.  The  rock  [2028]  from  the 
summit  of  the  pass  between  it  and  Mount  Shaughnessey  is  not  quite 
so  ferruginous  as  the  last,  but  otherwise  is  in  all  respects  sinular. 
The  summit  of  Michael's  Mount  [2029],  part  of  the  same  massif, 
is  a  cream -grey  subcrystalline  limestone,  with  faint  mst-brown 
spots  and  a  few  irregular  patches  of  a  darker  grey  colour.  The 
structure  proves  on  microscopic  examination  to  be  rather  irregular. 
Grains  of  calcite,  occasionally  dolomitic,  differing  considerably  in 
size  and  arrangement,  predominate ;  the  larger  sometimes  forming 
little  clusters  with  a  pale-brown  staining,  which  vary  from  rather 
irregular  to  oval  in  outline,  and  sometimes  grouped  in  a  way  sug- 
gestive of  the  former  presence  of  fragments  of  shells,  etc.  Rather 
irregularly  distributed  among  this,  and  sometimes  aggregated,  are 
small  grains  of  a  clear  silicate,  a  few  of  which  are  partly  idiomorpbic 
and  exhibit  twinning,  Carlsbad  or  oscillatory.  Probably  the^'  are 
a  secoDdary  felspar,  and  a  few  dark  specks  are  iron-oxide. 

Nearer  to  Mount  Collie,  on  the  north  side  of  the  Upper  Yoho 
Valley,  are  the  following  peaks:  Mount  PoUinger  [2025],  Mount 
Kaufmann  [2026],  Insulated  Peak  [2030],  and  Yoho  Peak  [2032]. 
The  summit  of  the  first  is  a  pale-grey  subcrystalline  limestone,  with 
some  resemblance  to  one  of  the  dolomitic  limestones  of  the  Alps, 
but  becoming  browner  on  weathered  surfaces.  Mount  Kaufmann  is 
a  grey  limestone,  showing  thin  bands  dififering  in  texture  from  the 
rest,  and  projecting  slightly  from  weathered  surfaces.  Insulated  Peak 
is  a  subcrystalline  limestone  of  a  grey  colour,  slightly  streaked  with 
white,  and  showing  faint  traces  of  small  spots,  which  weather 
brown.  Under  the  microscope  it  is  found  to  consist  of  grains 
(a  large  number  being  about  double  the  size  of  the  others),  more  or 
less  dolomitic,  of  a  faint  brown  colour,  with  a  slight  pleochroism 
in  which,  as  a  matrix,  are  occasional  irregular  stain-like  spots  of 
a  dirty  brown  colour  (?  bituminous).  There  are  also  a  few  minute 
interstitial  granules  of  a  water-clear  silicate,  and  the  rock  more 
nearly  than  usual  approaches  to  a  marble.  Toho  Peak  is  a  grey 
subcrystalline  limestone,  assuming  a  bufif  tint  on  weathered  surfaces 
and  veined  with  calcite.  The  summit  of  Trolltinderne,  a  mountain 
on  the  eastern  side  oi  Wi^  XoVio  y^lle^  and  just  west  of  the  water- 
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«hed,  18  a  rather  dark  grey  limestone,  with  moderate  efferveeoenoe, 
thowing  on  a  smooth  surface  a  rudely  banded,  almost  flaxional 
stmotore  in  the  form  of  darker  and  lighter  streaks.  Microsoopio 
examination  proves  it  to  be  a  mixture  of  dirty  granular  calcareous 
material,  and  of  a  less  abundant  clear  silicate  in  small  grains,  and 
a  few  flakes,  probably  of  white  mica,  with  sundry  brown  and  blackish 
specks  like  iron-oxide;  the  whole  traversed  by  rather  irregular 
dark  lines,  indioative  of  a  rude  cleavage.  The  clear  silicate  some- 
times includes  very  minute  rhomboidal  scales,  and  as  one  or  two 
grains  of  it  show  a  distinct  oscillatory  twinning,  it  is  probably 
a  plagiodastic  felspar.  The  glacier  which  feeds  the  Yoho  River 
descends  from  Mount  Collie  [2033]  and  Mount  Habel  [2031], 
a  summit  aboat  H  miles  to  the  south-west  of  the  other.  The 
summit  of  Mount  Collie  is  a  compact,  subory stall! ne,  not  very  dark 
grey  limestone,  weathering  to  a  browner  tint,  with  faint  traces  of 
minute  spots  which  become  more  conspicuous  by  forming  holes  on 
a  weathered  surface.  As  effervescence  with  HOI  is  slower  than 
one  would  anticipate,  the  specimen  is  probably  dolomitia  The 
summit  of  Mount  Habel  is  a  grey  subcrystalline  limestone,  full  of 
very  small  spots,  rather  irregularly  distributed,  and  weathering  to 
a  pale  brown  colour,  containing  also  a  few  white  caloitic  grains 
without  definite  form  or  size,  the  largest  of  which  are  about  *2  inch 
in  diameter.  The  microscope  shows  it  to  be  a  rather  dolomitic 
limestone,  with  occasional  coarser  spots  and  little  patches  of  brown 
staining.  Here  and  there  the  former  presence  of  an  organism  is 
sn^ested,  and  some  rather  cylindrical  clear  bodies,  in  which  granules 
of  the  carbonate  are  embedded,  have  a  very  faint  resemblance  to 
sponge  spicules.  Extinction  is  parallel  to  the  edges,  so  that  if  only 
mineral  in  origin  they  may  be  allied  to  couseranite. 

The  specimens  from  the  Ice  River  Valley,  chiefly  crystalline  rocks 
and  in  many  cases  sodalite  or  nepheline  syenite,  have  been  already 
described  in  the  Geological  Magazine  for  this  year  (p.  199). 

Specimens  from  the  Hoodoos  (earth  pillars)  of  Leanohoil  (on  the 
Oanada  Pacific  Railway)  [2040]  are  a  pale  yellowish  clay  and 
a  small  grey  limestone  pebble,  clearly  water- worn,  but  not  in  any  way 
remarkable.  The  former  consists  of  minute  micaceous  and  clayey 
material,  mixed  with  small  angular  rock -fragments,  stained  a  rather 
rusty  tint,  and  difficult  to  determine  exactly  —  not  improbably  a 
siliceous  mudstone.  Few,  if  any,  quartz  grains  occur  in  the  mud, 
which  otherwise  is  not  remarkable.  It  effervesces  slightly  with  H  CI, 
so  the  material  is  probably  derived  from  argillites  and  limestones. 

The  above  descriptions  show  that  [2107]  and  possibly  [2020] 
approach  the  structure  of  a  true  marble,  such  as  that  of  Carrara,  or 
one  of  those  interbanded  with  crystalline  schists  in  the  Alps. 
Most  of  them  are  not  more  altered  than  specimens  from  the 
Dolomites  of  the  Italian  Tyrol  (to  which  one  or  two  of  them  have 
some  resemblance)  or  than  some  of  the  Triassic  rocks  from  the  Swiss 
Alps.  Others  resemble  Carboniferous  Limestone  from  Britain,  and 
the  Trilobites  from  near  Mount  Ball  and  from  the  flank  of  Mount 
Stephen  are  in  excellent  preservation.     But,  though  I  have  sliQ^d 
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praotioally  every  speoimen  of  limeetone  whiob  seemed  at  all  likely  to 
oontain  fragments  of  organisms,  not  a  single  one  has  yielded  anything 
of  whioh  I  oould  be  sure.  Yet  I  have  found  these  in  yery  distorbed 
districts  of  the  Alps,  not  only  in  the  noted  schistose  Jnrassios  of  the 
Lepontine  group  (containing  belemnites,  orinoids,  eta '),  but  also 
in  Triassio  limestones  near  Bergfln.  With  one  exception  (and 
this  may  be  due  to  contact  metamorphism,  such  as  must  oconr 
in  the  Ice  Biver  Valley),  these  specimens  apparently  are  not  older 
than  Palaeozoic  times,  and  in  some  cases  might  even  be  Mesoeoic. 
Hence,  as  the  limestones  are  numerous,  the  absence  of  organisms  » 
so  singular  that  I  can  only  suppose  they  have  disappeared  in 
consequence  of  micromineralogical  changes,  as,  I  believe,  has 
happened  with  a  Triassic  limestone  near  the  Pas  de  Gh^vres, 
Arolla,  of  which  I  was  more  than  once  reminded  by  some  of  these 
specimens. 

III. — The  Geology  of  Babbados. 

By  Prof.  J.  B.  Harrison,  C.M.G.,  F.6.S.,  and  A.  J.  Jukbs-Browxe,  B.A.,  F.G.S. 

THE  August  number  of  the  Quarterly  Journal  of  the  Oeological 
Society  contains  a  paper  on  this  subject  by  Dr.  J.  W.  Spencer, 
who  believes  that  the  rocks  which  were  described  by  us  under  the 
head  of  *  Baised  Coral  Beefs ' '  do  not  form  one  continuous  succession 
of  Pleistocene  reef-rocks,  but  consist  of  several  different  limestone 
formations.  He  thinks  that  there  are  three  such  formations,  and 
that  each  is  separated  from  the  other  by  a  break  or  unconformity. 

It  is,  of  course,  quite  possible  that  the  more  recent  reefs  may 
partially  conceal  a  formation  which  escaped  our  notice,  and  that 
Dr.  Spencer  might  have  obtained  evidence  of  its  existence ;  but 
before  he  can  establish  the  existence  of  an  Oligooene  limestone  in 
or  below  some  part  of  our  Coral  Beef  Series,  and  as  a  consequence 
alter  the  accepted  age  of  every  rock-group  in  the  island,  he  must 
produce  very  strong  evidence  for  his  innovation. 

We  fail  to  find  any  such  evidence  in  his  paper;  thus,  the  only 
evidence  for  the  Oligocene  age  of  any  of  our  '  reef-rocks '  is  the 
occurrence  of  two  corals,  unnamed  species  of  Stylophora  and 
Astrocania,  which  are  said  by  Dr.  T.  W.  Yaughan  to  be  the  same 
species  as  occur  in  a  limestone  of  Oligocene  age  in  Antigua.  These 
were  only  found  at  one  place,  a  spot  near  the  Cathedral  at  Bridgetown, 
and  this  is  absolutely  all  the  palsBontological  evidence  which 
Dr.  Spencer  has  to  offer  in  support  of  his  conclusion  that  there  are 
Oligocene  limestones  in  Barbados  comparable  with  those  of  Antigua. 

Beds  exposed  in  a  railway  cutting  not  far  from  Bagged  Point, 
on  the  eastern  side  of  the  island,  are  referred  to  this  Oligocene 
formation  solely  because  they  show  an  apparent  dip  of  lo°  to  20^ 
and  pass  below  a  later  horizontal  calcareous  deposit  No  fossils  are 
recorded  either  from  the  newer  or  the  older  rock,  but  it  is  stated 
that  the   latter   includes  a   bed   which  contains  masses  of  corals. 

*  Quart.  Joum.  Geol.  See.,  1890,  vol.  xlri,  p.  213. 

*  Quart.  3o\ini.  GeoV  %*i«i.,  \^^V,  ^oL  xlvii,  p.  209. 


Messrs*  Harrison  Sf  Jukes-Browne^-^Creology  of  Barbados.    551 

Specimens  were  taken  by  Dr.  Spencer,  bat  they  were  an  fortunately 
dastroyed  by  accident  before  they  oonld  be  named. 

Finally,  all  the  higher  reefs  are  considered  to  be  of  Oligooene 
age,  beoaase  the  author  says  tliat  they  show  a  decided  dip  to  the 
loath-east,  and  asserts  that  some  of  the  fossils  obtained  by  ourselves 
and  others  are  Oligocene  species.  His  own  collections  were  destroyed 
as  above-mentioned,  and  his  statements  about  the  range  of  the 
species  identified  by  Professor  Gregory  ^  are  confused  and  inaccurate. 
Professor  Gregory  identified  13  species  of  Corals  from  high-level 
localities,  and  of  these  11  belong  to  recent  species  (10  being  also 
found  in  the  low-level  reefs  of  the  island) ;  one  is  a  new  species 
for  which  the  only  other  locality  yet  known  is  Ste.  Croix  in  Trinidad, 
and  one  {LameUiistraa  Smytht)  is  an  extinct  Antiguan  species. 

It  is  true  that  several  of  the  species  found  in  Barbados  occur  also 
in  the  Antiguan  limestones  which  Dr.  Spencer  refers  to  the  Oligocene, 
bat  as  they  are  also  recent  West  Indian  corals  they  cannot  be  cited 
as  evidence  for  the  Oligocene  age  of  the  Barbadian  reefs ;  clearly 
such  species  might  occur  in  beds  of  any  age  from  the  Oligooene  to 
the  present  time.  Cypluutrea  costata  is  one  of  these ;  Dr.  Spencer 
also  quotes  Astraa  harbadensia  (Duck.  &  Mich.)  as  a  link  between 
the  '  Oligocene '  rocks  of  the  two  islands,  but  Professor  Gregory  has 
identified  this  form  with  Orbicella  aeropora  (Linn.),  which  is  a  recent 
West  Indian  coral  and  is  found  also  in  the  low-level  reefs  of  Barbados. 

Dr.  Spencer  admits  that  the  assemblage  of  corals  obtained  from 
the  high-level  reefs  is  sufficient  to  prove  the  existence  of  Pleistocene 
reefs  at  such  levels,  but  having  persuaded  himself  that  there  is 
a  mixture  of  Pleistocene  and  Oligooene  forms  among  them,  he 
actually  explains  this  supposed  mixture  by  suggesting  that  the 
Pleistocene  forms  came  from  patches  of  Pleistocene  reef-rock  lying 
in  hollows  or  pockets  excavated  out  of  Oligocene  limestones  I 

As  the  corals  examined  by  Professor  Gregory  came  from  nine 
different  high-level  localities.  Dr.  Spencer  would  have  us  believe 
that  in  each  case  a  pocket  was  rifled,  and  not  what  he  imagines  to 
be  the  main  limestone  mass.  If  he  had  been  more  careful  in  his 
analysis  of  the  coral  species  he  would  have  discovered  that  the 
single  restricted  Oligooene  species  was  obtained  from  only  one 
locality,  namely.  Castle  Grant,  but  he  was  so  convinced  that  the 
mass  of  the  high-level  limestones  must  be  of  Oligooene  age  that  he 
throws  doubt  on  all  the  localities  and  on  all  the  collections  that 
have  been  previously  made,  in  spite  of  the  fact  that  no  essentially 
Oligooene  species  were  obtained  from  other  localities. 

Further,  one  would  have  expected  that  before  he  put  such 
a  suggestion  into  print  he  would  have  made  very  sure  of  his 
facts ;  in  other  words,  that  he  would  be  prepared  to  point  out 
exactly  where  such  pockets  occur,  what  species  of  corals  they 
contain,  and  how  the  rook  of  the  pockets  differs  from  the  hypo- 
thetically  older  rook  in  which  he  says  they  lie.  Dr.  Spencer, 
however,  has  not  done  this;  all  he  says  on  the  subject  is  to  be 
found  in  the  two  paragraphs  which   are  quoted   below — ''I  am 

^  Quart.  Journ.  Geol.  See,  1895,  toI.  li,  p.  255. 
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inolined  to  explain  the  oooarrenoe  of  the  seven  identical  speoiai 
at  the  higher  levels  and  at  Bath,  as  having  been  obtained  from 
remnants  of  the  newer  formation  filling  hollows  in  the  eroded 
sarfaoe  of  the  older  high-level  limestones.  This  feature  may  bo 
seen  in  ascending  the  western  side  of  the  island,  where  pockets 
rich  in  oorals  form  a  contrast  with  the  prevailing  scarcity  of  organio 
remains  of  the  older  formation  "  (p.  359). 

"  Withont  entering  into  the  question  of  what  terraces  are  doe 
to  marine  erosion,  leaving  sea-cliffs  in  the  rear  of  them,  and  what 
are  constmctional  from  the  bailding  up  of  reefs,  it  may  be  said  that 
these  deposits  of  recent  coral-species  are  wide-spread  over  the 
surface,  not  merely  below  the  altitude  of  165  feet,  but  possibly 
(in  part  at  least)  at  the  higher  levels,  where  pockets  of  coral-masses 
containing  recent  species  occur"  (p.  362). 

It  will  be  noticed  that  Dr.  Spencer  contents  himself  with  stating 
that  such  pockets  exist  on  the  western  side  of  the  island ;  he  does 
not  say  where,  nor  at  what  levels,  nor  what  species  of  corals  they 
contain.  He  adduces  no  evidence  to  show  that  the  pockets  he  saw 
are  of  widely  different  age  from  the  surrounding  rock.^ 

Further,  he  does  not  offer  any  evidence  to  prove  that  the  inclined 
beds  in  the  railway  cutting  are  of  the  same  age  as  the  high-level 
limestones,  nor  any  evidence  that  either  the  former  or  the  latter 
are  of  the  same  age  as  the  rock  near  the  Oathedral  which  yielded 
species  of  Stylophora  and  Astrocania,  Yet  he  does  not  hesitate  to 
tell  us  that  these  three  sets  of  beds  belong  to  one  series,  that  this 
series  is  of  Oligooene  age,  and  that  it  belongs  to  what  he  calls  the 
'  Antignan  formation.'  We  think  that  further  comment  on  these 
points  is  needless. 

We  next  address  ourselves  to  the  attempt  made  by  Dr.  Spencer 
to  establish  an  intermediate  formation  between  the  rocks  which  be 
regards  as  Oligooene  and  those  which  he  admits  to  be  Pleistocene. 
Here,  again,  his  methods  are  just  as  unsatisfactory,  and  are  not 
calculated  to  inspire  confidence  in  his  stratigraphical  work. 

The  beds  which  he  refers  to  his  *  Ragged  Point  Series'  are 
nowhere  stated  to  be  more  than  eight  feet  thick,  and  no  fossils 
are  recorded  from  them,  so  that  he  starts  by  erecting  a  few  scrappy 
local  deposits  into  a  *  series,'  without  a  single  fossil  to  show  whether 
it  is  of  marine  or  terrestrial  origin.  He  mentions  several  places 
where  marls  containing  pebbles  of  older  limestone  rest  unoonformably 
upon  suoh  limestone  (our  reef-rock),  but  there  is  nothing  to  prove 
that  these  marls  are  marine  deposits.  They  might  be  Pleistocene 
rain  wash  for  all  the  evidence  he  gives,  but  we  cannot  assert  them 
to  be  suoh  without  special  examination  of  them. 

We  are  quite  prepared  to  admit  that  the  mechanical  deposit  shown 
in  his  Fig.  1  must  be  of  later  date  than  the  limestone  on  which  it  rests, 
hut  we  cannot  accept  his  dictum  that  it  is  older  than  the  reefs  which 
he  allows  to  be  Pleistocene.  He  only  mentions  one  place  where 
he  believes  such  a  superposition  to  be  visible ;  this  is  near  Bath, 

^  A  coral-reef  is  a  composite  mass  of  rock,  and  portions  of  it  are  often  diiferentij 
m:ide  up  and  are  more  ioasVMetoxxa  \\vB;ti  Q^^'Oit  -^'oxtA  Qf  the  same  reef. 
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and  of  it  he  writes,  "  at  the  foot  of  the  terraoe  north  of  Bath  .... 
it  a  horizontal  bed  of  sand  containing  small  rounded  pebbles  of  the 
harder  old  oaloareoos  rooks  and  lumps  of  the  Oceanic  Clay.  This 
stratum  is  suooeeded  by  a  coral-formation/'  which  he  calls  the 
Bath  Beef  Series.  He  gives  a  diagram  of  this  section  showing 
Pleistocene  coral-rock  overlying,  with  apparent  conformity,  four  or 
^wB  feet  of  stratified  sand  which  contains  pebbles  of  an  older 
limestone,  and  he  assumes  that  this  sand  is  of  the  same  age  as  the 
mechanical  marl  of  his  Fig.  1,  though  the  places  are  nearly  two 
miles  apart  and  the  material  of  the  two  deposits  is  totally  different. 

Apparently  his  only  reason  for  correlating  these  two  deposits 
is  that  both  contain  pebbles  of  an  older  limestone,  and  he  jumps  to 
the  conclusion  that  these  pebbles  have  been  derived  from  the  same 
set  of  rocks,  for  in  the  legend  of  bis  Fig.  2  he  describes  the  calcareous 
pebbles  in  the  Bath  deposit  as  "rounded  pebbles  of  the  White  Lime- 
stone" (i.e.  his  Oligooene  Antiguan  formation).  Now  this  section 
is  known  to  us,  and  the  limestone  pebbles  are  certainly  there,  but 
all  those  which  we  obtained  were  fragments  of  the  yellowish 
Olobigerina  limestone  of  the  Bissex  Hill  Beds ;  many  of  them 
oontain  casts  of  small  cup-shaped  corals  which  are  common  in  the 
Olobigerina  limestone,  but  which  Prof.  Gregory  was  unable  to  name. 

Dr.  Spencer  does  not  mention  the  Bissex  Hill  Beds,  which  were 
established  in  1898  as  a  separate  group  of  intermediate  age  between 
the  Oceanic  Series  and  the  Ooral  Reef  Series,^  so  that  we  do  not 
know  how  he  would  group  them,  but  the  rook  is  very  different  from 
those  which  he  refers  to  the  Oligooene. 

It  is  quite  possible  that  fragments  of  the  older  reef-rocks  may 
also  occur  in  the  basement-bed  of  the  Bath  reef,  for  that  is  a  low- 
level  reef,  only  150  feet  above  the  sea,  and  may  well  contain  d6bris 
from  the  higher  and  previously  uplifted  reefs ;  but  what  then  ? 
Dr.  Spencer's  reasoning  seems  to  be  as  follows : — No.  1  is  a 
mechanical  deposit.  No.  2  is  a  mechanical  deposit,  both  occur  at 
about  the  same  level,  and  both  contain  pebbles  of  older  limestones ; 
therefore,  both  are  of  the  same  age  I  We  cannot  accept  such  an 
argument  as  having  any  logical  value. 

From  the  above  remarks  it  will  be  seen  that  Dr.  Spencer's  evidence 
completely  breaks  down  :  he  fails  to  connect  the  basement-bed  near 
Bath  with  his  Bagged  Point  marl ;  he  fails  to  show  that  the  latter 
is  older  than  the  Pleistocene  reefs,  or  that  it  is  anything  but 
a  superficial  terrestrial  deposit.  In  point  of  fact  he  fails  to  establish 
bis  '  Ragged  Point  Series '  as  an  independent  formation.  We  are 
quite  aware  that  there  are  mechanically  formed  calcareous  deposits 
of  terrestrial  origin  in  many  parts  of  the  island,  and  they  have 
probably  been  formed  at  different  times  during  the  gradual  upheaval 
of  the  area,  but  if  Dr.  Spencer's  methods  were  followed  it  would 
not  be  difficult  to  make  out  five  or  six  '  formations '  or  '  series ' 
in  the  later  rocks  of  Barbados  or  in  those  of  any  other  raised 
coral  island. 

^  See  Messrs.  Franks  &  Harrison,  **  On  the  Olobigerina  Marls  of  Barbados,"  in 
Quart.  Joum.  Geol.  Soc,  vol.  Ht,  p.  540. 
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Finallj,  we  most  express  oar  gprave  doubts  aboot  the  higk  dip» 
which  Dr.  Spencer  states  that  he  saw  in  our  Coral  Beef  Stfies. 
One  of  us  resided  for  ten  years  in  Barbados,  traversed  it  in  mmj 
directions  at  various  times,  and  examined  nearly  every  gully  in  tlM 
island  as  well  as  most  parts  of  the  great  limestone  escarpment,  yet 
he  never  saw  any  such  high  dips  as  Dr.  Spencer  mentions,  except 
where  there  was  reason  to  suspect  a  landslip,  and  such  landslips  are 
certainly  common.     We  have  noted  low  dips   (of  4^  or  5^)  at 
a  few  places,  and  some  false  -  bedding  which  might  mislead  an 
inexperienced  observer  but  hardly  one  of  Dr.  Spencer's  experienoe. 
We  cannot  say  that  the  high  dips  are  always  in  slipped  masies,  bat 
we  do  think  that  the  sloping  beds  specially  mentioned  by  him  near 
Bath,   ''upon  the  flank  of  the  mountain  behind"  the  Bath  Beef 
terrace,  are  in  a  mass  that  has  slipped  from  the  great  escarpment  abova 

Let  our  readers  oonsider  also  what  continuous  dips  of  fitom 
12^  to  20^  involve ;  a  dip  of  15^  continued  for  only  one  mile  on 
the  horizontal  will  bring  in  a  thickness  of  1,367  feet,  and  even  if 
the  surface  of  the  ground  fell  300  feet  in  the  direction  of  the  dip, 
it  would  leave  a  thickness  of  over  1,000  feet,  whereas  the  greatest 
thickness  of  combined  Bissex  Hill  Beds  and  coral-reef  limestonee 
proved  by  Mr.  Easton's  numerous  borings  all  over  the  island  is  only 
280  feet. 

It  will  be  obvious  that  the  di£ferences  between  Dr.  Spencer  and 
ourselves  are  so  great  and  so  difficult  to  reconcile  that  we  are  not 
likely  to  convince  one  another  by  argument  at  a  distance  from  the 
field  of  dispute.  Fresh  observations  are  required,  and  above  all 
further  collection  of  fossils  must  be  made,  before  either  party  can 
make  any  real  addition  to  our  knowledge  of  the  geology  of  Barbados. 
We  have  been  in  communication  with  Dr.  Spencer,  and  we  hope  that 
one  of  us  may  be  able  to  meet  him  in  Barbados  next  March,  with 
the  view  of  discussing  the  evidence  on  the  spot  and  of  obtaining 
fossils  from  the  beds  which  he  regards  as  of  Oligooene  age.  In 
the  meantime  we  ask  our  readers  to  suspend  their  judgment  on  the 
questions  raised  by  Dr.  Spencer's  paper. 


IV.— The  Term   '  Hemera.' 

By  S.  S.  Bl-ckmax,  F.G.S. 

NEARLY  ten  years  ago  I  proposed  the  term  'hemera.'^  The 
term  is  coming  into  use ;  but,  so  far  as  I  am  aware,  in  the 
majority  of  cases  it  is  greatly  misunderstood.  From  this  cauie 
arise  objections  as  to  its  use,  such  objections  being  based  on  the 
misconception  that  the  hemera  is  a  subdivision  of  a  zone.  It  is 
nothing  of  the  kind. 

The  original  description  may  be  quoted.  ''  It  is  for  a  palsBontological 
purpose  that  I  propose  the  term  '  hemera.'  Its  meaning  is  '  day ' 
or  '  time ' ;  and  I  wish  to  use  it  as  the  chronological  indicator  of 
the  faunal  sequence.     Successive  '  hemersB  '  should  mark  the  smallest 

^  **  Bajocian  of  tho  Sherborne  District  ** :  Quart.  Joum.  Geol.  Soc.,  IS93,  toI.  xlix» 
p.  481. 
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ttDieoiitiTe  diyisions  which  the  seqnenoe  of  di£ferent  speoieB  enables 
HI  to  separate  in  the  maximam  developments  of  strata.  ....  The- 
tana  '  hemeia '  is  intended  to  mark  the  acme  of  development  of  one 
m  more  species.  It  is  designed  as  a  chronological  division,  and  will 
not  therefore  replace  the  term  '  zone '  or  be  a  subdivision  of  it,  for 
that  term  is  strictly  a  stratigraphical  one."  ^  '^  The  proposed  term 
'bemera'  is  used  in  a  chronological  sense  as  a  subdivision  of  an 
•age.'**» 

These  statements  should  be  definite  enough.  They  show  that 
while  there  were  the  stratigraphical  terms  'zone/  'stage/  and  tie 
ohronologioal  term  'age'  for  the  time  of  a  'stage/  there  was  no 
ehronological  term  to  denote  the  time  of  a  '  zone.'  So  *  hemera ' 
was  proposed  to  supply  the  deficiency.  'Hemera/  'age'  are 
the  time  terms ;  '  zone/  '  stage '  denote  the  amount  of  work  done  in 
the  way  of  deposition  daring  these  times ;  they  are  the  stratigraphical 
lerma.  As  I  said,  a  hemera  marks  the  acme  of  development  of  one 
or  more  species,  as  a  chronological  term.  Just  as  a  '  day  '  marks 
the  phenomenon,  sunrise,  high  noon,  sunset,  or,  if  one  likes  to  put 
it  so,  from  sunrise  to  sunrise  again,  so  a  '  hemera '  was  designed  to 
mark  the  time  from  species- rise  to  species-rise — that  is,  from  the 
time  when  one  species  or  set  of  species  becomes  dominant  to  the 
time  when  another  species  or  set  of  species  does  so.  Such  time 
intervals  were  to  be  termed  'hemerad.*  And  so  many  '  hemersB ' 
make  an  '  age,'  just  as  so  many  '  days  '  make  a  '  week.'  However,  as 
*  hemera/  '  age '  must  be  of  universal  application  and  always  have 
existed,  '  zone,'  stage '  may  be  absent  locally :  either  there  may 
have  been  no  strata  deposited,  or  the  strata  may  have  been  destroyed. 
At  one  locality  may  be  seen  the  strata  of  the  zones  A,  B,  C, 
npresenting  the  work  done  during  the  hemeras  A,  B,  0.  At  another 
looality  may  be  observed  only  the  strata  of  zones  A  and  C.  One 
may  rightly  say  that  zone  B  is  absent;  but  one  cannot  say  that 
hemera  B  is  absent  Hemera  B  has  been  proved  as  a  time-period 
between  hemersd  A  and  0,  by  the  records  at  one  locality  of  work 
aooomplished.  Therefore,  absence  of  records  at  another  locality 
cannot  show  non-existence  of  time.  Time  is  not  local.  A  man 
cannot  say  that  there  was  no  Monday  in  the  week  because  the 
parish  clock  happened  to  be  out  of  order.  Yet  remarks  similar  to 
this,  made  in  regard  to  hemerad,  are  what  I  have  to  protest  against. 
"  Absence  of  any  hemersB  would  not  indicate  a  break  in  the  series 
of  strata  "  is  a  sample.  A  Dorset  labourer  once  came  to  his  master 
and  complained,  *'  Sir,  your  dawg  a  bin  an  yet  my  fittle."  He 
indicated  exactly  the  agent  of  destruction.  He  knew  that  the 
deposit  (of  his  dinner)  in  a  particular  place  had  been  duly  made. 
He  was  aware,  by  facts  iubjecta  fidelibus  ocults,  what  agent  had  been 
ooncemed  in  its  removal.  And  he  said  so ;  in  efifeot  he  said,  "  There 
is  a  break  in  the  series  of  my  dinners  due  to  destruction  by  a  certain 
agent."  But  had  he  employed  the  language  which  is  used  about 
a  hemera  he  would  have  said,  not  "  My  dinner  is  gone,"  but  "  One 
o'dock  is  absent " — "  The  absence  of  one  o'clock  indicates  a  break  in 

»  Op.  cit.,  pp.  481,  482.  «  p.  618. 
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the  series  of  my  dinners."    Bat  one  o*olook  is  just  wliat  oannot  be 
said  to  be  absent — dinner  or  no  dinner  one  o'olook  most  arriTO. 

So  to  retam  to  the  localities  mentioned  aboTO :  what  has  to  be 
said  with  regard  to  the  second  is  that  during  hemera  B  either  then 
was  no  deposit  or  there  was  denudation  of  a  deposit,  according  ti 
the  evidence  may  warrant 

Since  hemera  has  nothing  to  do  with  zone  properly  speaking,  lo 
it  has  nothing  to  do  with  subzone.  It  has  been  supposed  that  hemen 
is  a  sort  of  finir  dirision  of  a  subzone.  But  it  is  not  Strictly 
speaking,  there  should  be  just  as  many  zones  as  there  are  hemere; 
*  for  the  hemera  is  the  time  during  which  a  certain  piece  of  woil[, 
namely,  the  deposition  of  what  is  called  <  the  zone/  was  done.  But 
it  may  be  said  that  zones  coalesce.  I  confess  to  a  deal  of  sceptioiim 
about  this ;  for,  generally,  careful  work  shows  that  very  attenuatad 
as  the  deposits  may  be,  yet  there  are  the  zones  in  order  of  S1lp•^ 
position  characterized  by  their  distinct  faunas.  When  there  ii 
coalescence  it  is  more  of  the  lion  and  the  lamb  kind,  with  the  lamb 
inside  :  the  earlier  zone  in  pieces  in  the  later  one.  Such  is  the  oaie 
in  the  Radstook  district  in  the  Middle  Lias,  where  the  rarieoUaUa 
beds  occur  as  pebbles  in  the  armattu  zone.  Here  the  valoe  of  the 
term  <  hemera '  is  seen.  One  cannot  talk  of  the  rarieoBiatm$  zone  at 
this  place,  because  there  is  really  no  such  zone ;  but  one  can  say  that 
the  strata  deposited  during  the  hemera  rartcosiati  were  brokw  op 
and  redeposited  during  the  homera  armati. 

Much  of  the  trouble  about  zones  and  hemene  has  arisen  from 
attempts  to  make  the  term  '  zone '  a  kind  of  '  portmanteau  word,* 
one  into  which  several  meanings  were  to  be  packed.     Thus,  a  '  zone' 
has  been  spoken  of  as  a  '  zone  of  life,'  as  a  '  band  of  deposit,'  ea 
a  *  portion  of  geological  time.'     A  *  zone '  has  even  been  defined 
as  an  *^  assemblage  of  organic  remains  " — which  would  make  the 
contents  of  a  museum  a  '  zone.'     Now  in  scientific  work  we  cannot 
have  several  meanings  packed  into  one  word ;  and  so  to  take  away 
the  portion-of-time  idea  the  term  '  hemera '  was  proposed. 

With  the  life-zone  idea  there  is  more  trouble.  In  zoology  the 
zone  indicates  the  horizontal  extension  of  species ;  it  might  be  required 
and  used  in  this  sense  in  geology ;  but  the  life-zone  in  geology  has 
reference  to  the  vertical  range.  Why  cannot  we  call  this  a  huh 
zone,  using  the  term  to  signify  the  range  of  organisms  in  time  as 
indicated  by  their  entombment  in  the  strata?  Thus  we  might 
have  the  biozone  of  a  species,  of  a  genus,  of  a  family,  or  of  a  larger 
group.  Thus  the  biozone  of  the  Trilobita  would  be,  say,  from 
Cambrian  to  Carboniferous ;  the  biozone  of  Ammonites  would  be 
equal  to  Mesozoio  time  ;  the  biozone  of  an  Ammonite  family, 
Arictidse,  would  about  equal  the  time  of  the  Lower  Lias;  the 
biozone  of  an  Ammonite  genus,  Coroniceras,  would  be  through 
two  or  three  hemersB ;  the  biozone  of  Ammonite  species  would 
be  about  equal  to  a  hemera. 

Then  we  are  left  with  zone  in  its  stratigraphical  sense,  best  defined 
by  Mr.  J.  E.  Marr.  But  we  have  no  business  to  use  it  for  this, 
because  of  the  zoo\og\cQ\  m^Qjving  which  the  term  already  has. 


8.  8.  Buckman—T/ie  Tet-m  '  Heniera:  657 

Kow  we  cannot  separate  the  stratigrapbioal  from  the  palasontological 
phenomena;  the  two  go  together.  Zones  are  not  bands  of  rook 
merely,  for  the  strata  of  a  zone  may  be  heterogeneous  vertically 
or  horizontally.  The  zones  are  *  really  so  many  entombments  of 
(Nganisms,  which  entombments  are  shown  to  be  successive  by 
the  way  in  which  they  occur  in  the  strata.  For  these  successive 
entombments  as  they  are  exhibited  in  the  strata,  why  should  we  not 
a  term  faumzone  ?  With  distinct  terms  for  the  different  meanings 
shall  express  ourselves  much  more  clearly. 

To  retom  to  hemera,  I  have  been  asked  if  it  is  advisable  when 
llNinas  differ,  and  when  the  index  species  is  absent,  to  use  different 
names  as  hemeral  designators.  I  say  that  it  is  not  advisable. 
Temp.  Edward  YII  may  date  an  event  in  Australia  as  well  as  in 
England,  even  though  Edward  VII  never  visits  Australia.  So 
liemera  MwehUana  will  date  a  deposit  in  a  locality  where  Murchiiona 
never  resided. 

Certainly  in  historical  records  each  nation  has  dated  its  events 

5  the  reigns  of  its  own  monarchs.  Yet  it  would,  in  the  interests 
a  universal  system,  be  quite  correct,  from  a  chronological  point 
of  view,  to  say  that  certain  events  happened  in  Spain  temp.  Queen 
Elizabeth  (of  England).  It  is  the  aim  of  science  to  be  universal 
and  independent  of  nationalities.  It  is  the  aim  of  geology  to  have 
a  nniversied  chronological  system,  not  to  apply  different  and  therefore 
oonfosing  names  to  contemporaneous  periods  of  time  merely  because 
of  local  faunal  differences.  And  when,  as  in  the  Jurassic  rocks,  thn 
■equence  of  faunal  phenomena  from  Wiirtemberg  to  England  can 
be  accurately  described  by  one  set  of  hemeral  terms,  we  may 
reasonably  hope  that,  as  our  knowledge  increases,  if  we  take  the 
necessary  trouble,  a  universal  chronology  may  be  possible.  And 
if  that  can  be  done  in  the  Mesozoic  rocks  how  much  more  may 
we  not  expect  it  in  the  Palaeozoic,  seeing  that,  as  Dr.  H.  Woodward 
tells  us,  "  the  ancient  faunas  of  the  earth  were  far  more  widespread, 
more  simple,  and  more  uniform  than  are  our  recent  faunas.*'  ^ 

To  sum  up,  a  zone  indicates  the  horizontal  extension  of  species, 
and  so  is  a  geographical  term  ;  a  hiozone  is  the  range  of  any  organism 
or  group  of  organisms  in  geological  deposits,  so  it  may  be  said  to 
indicate  vertical  extension ;  faunizones  are,  to  paraphrase  Mr.  Marr, 
"  belts  of  strata,  each  of  which  is  characterised  by  an  assemblage 
of  organic  remains,"  with  this  provision,  that  faunizones  are 
independent  of  lithic  structure — the  strata  of  a  faunizone  may  vary 
horizontally  or  vertically,  or  the  strata  may  not  vary  and  yet  may 
show  several  successive  faunas.  So  faunizones  are  the  successive 
faunal  facies  exhibited  in  strata.  Lastly,  hemera  is  a  time  term — the 
subdivision  of  an  *  age  * ;  it  indicates  the  period  of  time  from  the  rise 
of  one  dominant  species  to  the  rise  of  the  next.  It  is  the  time  term 
which  corresponds  to  'faunizone*  as  the  stratigraphical  term,  just 
as  '  age '  corresponds  to  '  stage.* 

*  Anniversary  Addre8"«  of  the  President  t*^  tho  Geological  Society,  Q.J.G.S., 
vol.  li,  p.  Ixxxvii. 
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ITOTICES    OIF    I^EI^OII^S,    DEQTO. 
I. — The  Conditions  undbb  whioh  Manganbbb  Dioxide  has  Bin 

DEPOSITED    in     SEDIMENTARY     RoOKS,     AS    ILLUSTRATED     BT    THI 

Elgin  Sandstones.     By  William  Maokie,  M.A.,  M.D.* 

MANGANESE  dioxide  bas  been  observed  to  occur  in  the  Elgin 
Sandstones  under  the  following  conditions : — (1)  In  ovoid 
or  rounded  spots,  from  ^  inch  to  6  inches  in  diameter,  known  to 
the  quarrymen  as  *  vegetations,'  at  Newton  Quarry,  in  U.O.R.  rooks. 
From  analyses  Mn  Oj  varies  from  -18  per  cent  to  '262  per  cent 
(2)  In  small  nodules,  about  ^  inch  in  diameter,  in  Triassic  rocks, 
south-east  of  Outtishillock,  Mn  0,=  12*87  per  cent  (3)  In  punctiform 
spots  around  decomposing  felspars  in  sandstone  of  the  Bosebrae 
division,  U.O.R.  sandstones  = -0715  per  cent  of  MnO^  {^)  ^ 
small  spots  or  lining  minute  cavities,  and  evidently  following 
carbonate  of  lime  in  Triassic  rocks,  at  Spynie  and  Lossiemouth, 
MnOs  =  *035  per  cent  (5)  In  veins  or  lining  joints,  oocasionally 
parallel  to  and  some  distance  back  from  the  joint-plane.  An 
example  from  Bishopmill,  U.O.R.,  gave  Mn  Oj  1-27  per  cent  +  MnO 
•27  per  cent  (6)  Along  the  upper  surface,  and  occasionally 
irregularly  diffused  through  the  interbedded  clayey  bands  of  the 
Rosebrae  division.  (7)  Uniformly  diffused  through  the  sandstone  in 
the  same  way  as  the  much  more  frequently  occurring  ferric  hydroxide; 
seen  at  Newton,  Millstone,  and  Cloves  quarries  in  the  U.O.R. 
(8)  In  some  organic  remains  in  the  same  formation  ;  a  scute  of 
BoihrioU'pis  major  gave  Mn  0  2*33  per  cent.,  of  Psammosteus  Taylori 
•83  per  cent.  (9)  As  a  brown  or  blackish  staining  on  the  casts  of 
organic  remains.  (10)  As  illustrative  examples  are  cited  fragments 
of  cherty  limestone  in  the  local  Boulder-clays,  with  their  interstices 
filled  with  Mn  Oj,  the  carbonate  of  lime  having  been  totally  removed, 
and  a  specimen  of  *  black  '  sand  from  under  Boulder-clay  on  the 
Banffshire  coast,  Mn  O,  6*58  per  cent.  +  Mn  0  '48  per  cent 

Experiments  made  by  allowing  a  dilute  solution  of  manganese 
sulphate — thirty  grains  to  the  gallon — to  drip  slowly  on  various 
rooks  and  sandstones  showed  that  common  chalk  and  sandstone 
containing  carbonate  of  lime  were  darkened  in  colour  within  twelve 
hours.  Sandstones  without  carbonate  of  lime  were  not  darkened. 
If  the  specimens  were  first  moistened  with  dilute  ammonia,  caustic 
soda  or  potash,  or  the  carbonated  alkalies,  darkening  to  a  degree, 
took  place  very  rapidly.  Free  ammonia  was  found  to  exist  in  every 
specimen  of  sandstone  from  the  area  examined,  and  to  be  particularly 
plentiful  in  Newton  sandstone.  An  acid  reaction  was  obtained  in 
«ome  of  the  '  black '  spots  at  Newton,  due,  it  was  believed,  to  the 
oxidation  of  sulphur,  which  was  also  present  Others  gave  a  marked 
alkaline  reaction.  The  presence  of  ammonium  chloride  was  also 
demonstrated  in  a  number  of  the  sandstone  specimens.  In  the 
presence  of  ammonia  and  ammonium  chloride,  manganese  is  only 
precipitated  after  it  is  peroxidized,  but  peroxidization  is  rapidly 
effected  in  the  presence   of  free  ammonia  or  other  fiee  alkab*. 

'  Bead  before  the  "BriUft\L  XsaotvB.^oTi^'^^^^^'^VV^^'I^ia  Section  C  (Geology). 
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Though  the  solution  of  ammonia  and  ammonium  chloride  in  the 
Baadstones  is  no  doubt  very  dilute,  it  is  probably,  as  compared  with 
the  solution  of  manganese  in  the  infiltrating  water,  relatively  strong. 

Presuming  the  access  of  oxygen — which  may  be  taken  for  granted 
in  the  case  of  porous  rocks  like  sandstones — the  explanation  of 
he  precipitation  of  manganese  dioxide  simply  resolves  itself  into 
looounting  for  a  preponderance  of  alkalinity  at  the  special  points  of 
)recipitation  of  that  substance.  Analyses  show  that  the  manganese 
ireas  contain  excess  of  lime,  magnesia,  and  alkalies,  compared  with 
Mrhat  obtains  in  the  surrounding  sandstones.  This  may  have  been 
i  cause  of  increased  alkalinity,  and  hence  of  the  precipitation  of  the 
nanganese  dioxide.  On  the  other  hand,  it  may  simply  be  a  con- 
»mitant  of  the  precipitation,  and  due  to  the  same  cause.  The 
dkalinity  in  some  of  the  manifestations  enumerated  has  undoubtedly 
seen  due  to  carbonate  of  lime,  (1),  (2),  (4),  (8),  (9);  to  the  ammonia 
Krising  from  the  decomposition  of  organic  remains,  (1),  (8),  (9) ; 
)o  the  presence  of  carbonated  alkalies,  (3),  (5),  (6),  (7)  ;  and  to 
free  ammonia  of  the  sandstone  water  after  the  total  precipitation 
>f  the  ferric  hydroxide  in  a  higher  zone  of  the  sandstones,  (7). 
rhe  conditions  that  are  necessary  for  the  precipitation  of  manganese 
iioxide  are  the  presence  of  alkali  or  alkaline  substance  in  excess, 
loluble  manganese  compounds  in  transit,  and  facility  for  oxygenation. 

There  is  nothing  particularly  unique  in  the  precipitation  of 
manganese  dioxide.  It  is  simply  an  extension  or  continuation  of 
the  same  action  as  determines  the  precipitation  of  ferric  hydroxide, 
ind  a  general  separation  is  effected  between  the  two  substances 
t)y  the  fact  that  the  iron  compounds  fall  out  before  the  manganese 
IS  the  infiltrating  water  containing  them  encounters  further  and 
Tarther  supplies  of  alkali.  The  general  distribution  of  the  two 
lubstances  in  the  Elgin  Sandstones  illustrates  this  natural  method 
>f  separation,  the  rocks  impregnated  with  secondary  infiltration  of 
Terric  hydroxide  in  a  general  way  occurring  in  a  zone  overlying 
those  impregnated  with  manganese  dioxide. 

In  the  author's  opinion  the  manganese  nodules  of  the  deep-sea 
leposits  owe  their  origin  to  the  operation  of  the  same  or  similar  causes. 

As  a  general  summary  it  may  be  stated  that  the  principles  involved 
in  Weldon's  process  for  the  recovery  of  manganese  were  long 
intioipated,  and  had  long  been  in  operation  in  Nature's  processes 
befoTQ  Weldon's  day. 

[I. — The  so-called  'Fossil'  Water  of  Sedimentary  Strata,  as 

ILLUSTRATED   BT   THE  SANDSTONES   OF  THE    MoRAY  FiRTH   BaSIN. 

By  WiLUAM  Mackie,  M.A.,  M.D.* 

A  SERIES  of  determinations  of  the  soluble  chlorides  and  sulphates 
locked  up  in  the  interstices  of  the  Elgin  Sandstones,  was  made 
to  test  the  thesis  that  from  such  an  examination  it  is  possible  to 
determine  the  character,  as  to  freshness  or  salinity,  of  the  waters  of 
the  basin  of  deposit  of  a  series  of  sedimentary  rocks. 
In  the  present  case,  though  some  interesting  side  issues  were  no 

^  Bead  before  the  Britbh  Association,  Belfast,  Sept.  1902,  vn  ^e^^^ii  ^  VJ^^t^s^^, 
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doubt  made  manifest,  the  results  as  regards  the  main  issue  were 
found  to  be  entirely  negative.  In  all,  38  determinations  were  made ; 
7  in  L.O.E.  rocks,  17  in  U.O.K.,  6  in  Triassic,  1  in  Jurassic,  and 
for  the  purposes  of  illustration  7  in  recent  deposits.  The  averages 
obtained  were : — 

CI,  per  cent.       S  0*,  p-r  cent. 
L.O.R -0101         ...         -0180 

^•J  •  \-/ •  X * •  «••  ...  ... 

X  n&ssic        •••        ...        ... 

JunusRic 

xvOceiib         .•.        ...        ... 

Average  orer  all :  CI,  '0063  per  cent. ;   S  O4,  '009  per  cent. 

Some  interest  attaches  to  these  averages  in  relation  to  the  question 
of  the  saltness  of  the  sea.  They  show  at  least  that  a  fairly  laige 
proportion  of  that  saltness  may  reasonably  be  referred  to  the 
washing  out  in  past  times  of  the  chlorides  and  sulphates  from 
sedimentary  rocks. 

The  increase  shown  by  these  averages  from  the  younger  to  the 
older  formations — or,  to  put  it  otherwise,  from  the  overlying  to  the 
underlying  rocks — may  be  ascribed  to  the  washing  in  of  the  soluble 
salts  from  the  surface  and  concentration  in  the  depths ;  but  doabt 
may  be  expressed  if  that  covers  the  whole  case. 

Kemarkable  variations  were  obtained  in  specimens  from  the  same 
sandstone,  even  when  collected  in  the  same  quarry.  These  variations 
were  in  some  cases  so  extreme  as  to  preclude  any  general  conclusion 
as  to  the  character  of  the  waters  of  the  basin  of  deposit  It  was  also 
found  that  the  percolation  of  rain-water  may  reduce  the  chlorides  to 
'0005  per  cent,  or  less,  and  the  sulphates  to  a  like  quantity,  or  even 
to  entire  absence.  Water  passing  down  joints  and  fissures,  it  was 
also  found,  tends  to  wash  back  the  soluble  salts  and  concentrate 
them  at  some  distance  back  from  the  fissures.  Chlorides,  and  less 
frequently  the  sulphates,  were  found  to  increase  in  rocks  secondarily 
stained  with  ferric  hydroxide,  and  also  in  the  manganese  areas.  It 
has  been  shown  elsewhere  that  traces  of  the  heavy  metals  are 
disseminated  through  the  Elgin  Sandstones  generally,  and  also  tend 
to  increase  in  relative  proportion  in  the  manganese  areas.  Increases 
in  lime,  magnesia,  and  alkali  have  also  been  demonstrated  as 
obtaining  in  the  same  areas.  Fropa  the  intimate  relationship  of  all 
these  substances  it  is  inferred,  with  some  degree  of  certainty,  that 
they  formed  part  of  the  same  general  infiltration.  If  so,  it  must 
also  be  inferred  at  the  same  time  that  the  original  '  fossil '  water  of 
these  sandstones  must  have  long  ago  been  washed  out,  or  at  least 
seriously  masked  in  the  process.  Generally  it  may  be  said  that 
such  washing  out  of  the  original  '  fossiH  water  may  have  taken 
place  anywhere,  and  that  the  result  of  subsequent  infiltrations 
may  have  themselves  been  replaced  again  and  again  by  other 
infiltrations,  and  so  on.  The  inference,  therefore,  that  the  soluble 
salts  of  a  series  of  deposits  represent  the  salts  of  the  original  waters 
of  the  basin  of  deposit  must  in  tho  majority  of  instances  be  a  very 
uncertain  one,  if  indeed  any  degree  of  certainty  can  be  claimed  for 
such  an  inference  urvdet  an^^  ^ivxQumstances. 
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IIL — Short  Notioss. 

1. — A  Baokwabd  Stip  in  Palaobotant.  Bj  G.  F.  Matthew, 
LL.D.    Trans.  Roy.  Soo.  Canada,  ser.  ii,  vol.  vii,  seo.  iv,  p.  113. 

Some  yean  ago  the  late  Sir  Wm.  J.  Dawson  desoribed  a  fine 
oolleotion  of  fossil  plants  from  a  locality  near  St  John,  and  on  the 
evidence  which  he  obtained  from  them  stated  their  age  to  be 
Devonian. 

Lately,  other  palsdobotanists,  Messrs.  B.  Eidston  and  David  White, 
reviewing  this  evidence,  have  oome  to  the  conclusion  that  these 
plants  must  belong  to  the  Coal-measures.  The  present  article  is 
written  in  support  of  the  original  view  that  these  '  plant  beds '  and 
their  flora  are  much  older. 

Evidence  is  deduced  from  the  stratigraphy  that  several  eroded 
terranes  lie  between  the  true  Coal-measures  and  the  '  plant  beds,' 
and  that  these  must  be  much  older  than  the  former. 

The  oomposition  of  the  flora  is  also  examined,  and  it  is  shown 
that  this  series  contains  a  number  of  genera  of  plants  not  found  in 
the  Coal-measures  proper,  and  that  while  a  small  percentage  only  of 
the  species  of  the  plant  beds  are  identical  with  those  of  the 
Coal-measures  of  Pennsylvania,  about  half  of  these  are  found  in  the 
European  Coal-measures.  The  connection  of  the  plant  beds  with 
the  Coal-measures,  therefore,  seems  a  distant  one. 

2.  BoTAL  Sooibtt's  Catalogue  of  Soisntifio  Papers. — The 
Boyal  Society  has  issued  a  circular  appealing  for  funds  to  enable  it 
to  carry  out  the  original  scheme  of  cataloguing  the  papers  contained 
in  scientific  periodicals  up  to  and  including  1900,  of  which  twelve 
qnarto  volumes  have  already  been  issued,  and  the  work  brought 
down  to  1883.  The  Society  has  already  spent  £14,790  6«.  5d. 
upon  the  matter,  and  now  thinks  that  it  might  receive  a  little  more 
financial  assistance  from  others,  especially  as  its  expenditure  has 
increased  considerably  of  late  years  in  other  directions.  They  want 
£  12,000,  and  it  should  not  be  difficult  to  raise  the  amount  The 
Society  also  proposes  to  issue  a  subject  index  for  the  whole  period 
of  1800-1900,  an  index  which,  if  properly  done,  should  be  of 
enormous  value.  It  is  pleasant  to  note  that  both  these  works  are 
already  in  hand,  and  the  completion  of  the  author  catalogue  may 
be  expected  in  about  five  years.  Dr.  Ludwig  Mond,  who  previously 
gave  £2,000,  has  headed  the  new  list  of  subscriptions  with  the 
magnificent  donation  of  £6,000,  and  Mr.  Carnegie  has  contributed 
£1,000.  We  hope  the  delicate  shade  of  meaning  given  to  the 
letters  F.B.S.  by  an  eminent  expert  will  be  borne  in  mind  by  others 
who  have  found  it  an  equally  valuable  asset. 

3.  North  German  Lowbr  Crbtaoeous. — Dr.  A.  von  Eoenen  has 
given  a  revised  classification  of  the  Albien  in  the  Nachricht  K. 
Gesell.  Wiss.  Gottingen  (Math.-Phys.),  1901.  This  includes  the 
Aptien,  Barremien,  Hauterivien,  and  Valanginien,  each  of  which 
he  divides  into  upper  and  lower.  In  the  copy  of  his  paper  before 
US,  a  separate  from  the  author,  we  note  that  he  has  corrected  his 

DECADE  IV. — VOL.  IX. ^NO.  XII.  ^^ 


662  Notieei  o/MtmoirB — Short  Notices, 

lower  Barrdmian  by  placing  the  zone  of  CriocercL*  degaiM  abo^e 
instead  of  below  the  zone  of  AncyHoeerat  era«mm  and  OrioevoM 
fistieostaium. 

4.  Chalk  Fobahinifiba. — The  foraminifera  of  the  laoceramM- 
beds  of  the  district  of  Bzeszow  and  Debioa  have  been  figured  and 
desoribed  by  W.  Friedberg  in  Bull.  Intern.  Acad.  SoL  Craoovie 
(Deo.  1901).  Out  of  92  forms  mentioned  some  66  were  previooBly 
found  by  Grzybowskl  in  the  InoceramiM-beds  of  Gk)rlioe  (ibid., 
April,  1901).  The  figures  given  by  Friedberg  are  rather  rough 
and  unsatisfactory. 

5.  Pataoonian  Tbbtiart  Mollusoa.^H.  von  Ihering  haa  an 
important  though  short  paper  on  this  subject  in  the  Proo.  Amerioan 
Phil.  Soc.,  zli  (April,  1902).  He  states  that  Borchert  erroneously 
determined  many  of  the  forms,  and  thus  was  led  to  a  wrong  idai 
as  to  the  age  of  the  beds.  Ihering  regards  the  Parana  formation 
as  Miocene,  and  the  Cape  Fairweather  beds  as  the  repreeentatiTe 
of  the  Pliocene  of  Argentina  in  the  south,  while  the  same  formation 
in  the  north  is  seen  in  the  Tehuelche  beds.  The  '  Pampeano 
superior'  of  Ameghino  he  regards  as  Pleistocene,  and  the  PyroiheriMm- 
beds  as  Eocene.  Ihering  says  that  there  are  neither  existing  nor 
Mesozoic  species  of  mollusca  in  the  PyroMertuiii-beds. 

6.   OUOOOENE  AND  MiOOENE  DEPOSITS  OF  THE   GbEAT   PlAINS.— 

Hatcher,  in  the  same  Proceedings,  discusses  the  origin  of  these  beds, 
dealing  with  the  character  of  the  materials  and  the  palsdontological 
evidence.  He  arranges  the  White  Kiver  formation  thus  :  1,  Titano- 
^^rttim-beds ;  2,  Oreodon-heda ;  3,  Leptauchema-heda.  The  Loop 
Fork  formation  thus :  1,  Gering  Sandstone ;  2,  Ogalalla  formation. 
The  Arikaree  formation  thus :  1,  Monroe  Creek  beds ;  2,  Harrison 
beds  ;  3,  Nebraska  beds  of  Scott.     All  from  below  upwards. 

7.  The  Hull  Museum. — Although  this  museum  has  been  opened 
but  a  few  months,  Mr.  Sheppard  has  already  got  into  exoellent 
shape  the  collections  of  Antiquities  and  Animals.  He  is  now  at 
work  upon  the  geological  material.  Among  this  is  the  ooUectioii 
made  by  F.  A.  Bed  we  11  (afterwards  Judge)  from  the  Chalk.  Bed  well 
was  the  author  of  the  paper  on  the  Ammonite  Zone  of  Thanet, 
which  appeared  in  the  Gl^logists'  Association  Proceedings,  a  paper 
the  accuracy  of  which  has  been  vouched  for  by  Rowe.  When 
Mr.  Sheppard  has  cleaned  and  arranged  this  Chalk  collection,  which 
no  doubt  all  came  from  the  South  of  England,  he  will  probably  find 
some  interesting  specimens,  and  possibly  some  types. 

8.  Geology  of  Heutfobdshire. — Mr.  Hopkinson  has  issued  in 
the  Trans.  Herts  Nat  Hist.  Soc.,  1902,  vol.  xi  (3),  a  list  of  works 
on  the  geology  of  the  county  from  1884  to  1900.  This  is  in  con- 
tinuation of  a  previous  list,  and  that  again  of  Whi taker's  list 
of  1875.  We  wish  other  county  societies  would  see  their  way  to 
publish  similar  lists  regularly.  A  few  have  done  so,  but  it  is  not 
general,  and  the  matter  might  well  engage  the  attention  of  the 
British  Asaoolation  CommVXA^. 
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^.  Pub-Bhjbtio  Denudation  of  the  Bbibtol  Abea. — Dr.Callaway 
deals  with  this  sabject  in  the  Proo.  Gotieswold  Nat.  Field  Clab, 
1901,  xiv  (1).  The  paper  gives  a  clear  sketch  of  the  country  before 
and  after  Bhsstio  times,  and  is  illustrated  by  two  sections,  one  of  the 
Atoo  section  and  the  other  of  the  Avon  gorge. 

10.  Manohbstbb  Museum. — Mr.  Hoyle's  Annual  Report  for  1901-2 
is  highly  satisfactory.  The  Bev.  Arthur  Dixon  has  given  the  museum 
a  fine  oollection  of  fossils,  rocks,  and  minerals.  Other  geological 
material  acquired  by  gift  or  purchase  is  a  series  of  rocks  from 
Chamwood  Forest,  sections  of  coal  plants  selected  to  fill  gaps  in 
the  collection,  collection  of  magnesiau  concretions,  of  stalagmites 
and  stalactites,  Permian  rocks  from  the  Lakes  and  Isle  of  Man,  and 
cores  from  borings  in  the  Isle  of  Man. 


I^  H  V  I  E  ^W  S. 

I.  —  Oeological  Survey  of  England  and  Wales.  Sheet  128 
(Stoke-on-Trent).  Solid  and  Drift  Editions.  Scale,  1  inch  to 
a  mile.     (Price  1«.  Gd.) 

Meuoibs  of  the  Qeologioal  Survey  of  England  and  Wales. 
The  Geology  of  the  Country  around  Stoke-on-Trent 
(Explanation  of  Sheet  123).  By  Waloot  Gibson,  B.Sc.,  F.G.S., 
and  0.  B.  Wedd,  B.  A.,  F.G.S. ;  with  Notes  by  George  Barbow, 
F.G.S.     (1902.    Price  1».  Qd.) 

IT  is  necessary  to  discuss  the  Map  and  Memoir  as  separate  items, 
because  so  much  of  the  technicalities  of  the  production  of  the 
map  is  new  and  important  It  is  incidentally  stated  in  the  preface 
to  the  Memoir  that ''  Both  maps  are  colour-printed,  and  they  represent 
the  first  attempt  to  substitute  colour-printing  for  hand-colouring  in 
the  issue  of  the  1  in.  Survey  maps."  We  must  heartily  congratulate 
those  who  originated  the  idea  and  those  who  have  so  ably  carried 
it  out,  for  the  result  is  highly  praiseworthy,  and  may  be  considered 
as  a  triumph  of  geological  map  printing.  HThe  map  will  be,  at  any 
rate,  free  from  the  personal  errors  of  the  colonrist,  and  the  colours 
will  be  both  more  permanent  and  will  always  agree  with  the  colour 
index  in  the  margin.  This  improvement,  however,  carries  with 
it  a  great  reduction  in  price,  the  sheet  being  issued  at  Is,  6d.  per 
copy  instead  of  3«. ;  and,  by  the  way,  the  old  quarter-sheet  at  3«. 
only  measured  13^  by  10  inches,  while  the  new  sheet  is  18  by 
12  inches.  The  new  sheet  covers  a  somewhat  different  area, 
taking  in  more  ground  to  the  west,  and  not  including  area  to 
the  east  which  appeared  on  the  old  sheet.  We  hope  that  the  new 
issue  of  cheap,  accurate  lithographed  geological  maps  will  henceforth 
replace  the  hand -coloured  editions. 

The  mapping  is  much  more  detailed.  The  four  divisions  of  the 
Upper  Coed-measures  are  shown  by  distinct  colours,  with,  in  addition, 
brighter  colours  for  particular  beds,  such  as  limestones  and  a  green 
4grit.  We  quite  agree  with  the  wisdom  of  making  no  distinction 
•between  Middle  and  Lower  Coal-measures,  and  rejoice  to  see  that  the 
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Bhales  and  grits  belonging  to  the  Pendleside  Series  are  olaased  with 
the  Millstone  Grit,  ^us  the  new  map  indicates  the  absence  of  rooks 
of  the  true  Yoredale  type  and  the  Permian  series  in  the  Stoke-on- 
Trent  area.  A  dolerite  dyke  intmsive  in  Upper  Coal-measures,  and 
Bunter  Pebble-beds,  are  mapped  for  the  first  time.  The  maps,  both 
drift  and  solid,  are  aconrate  and  full  of  detail,  and  we  oongratulate 
Mr.  W.  Qibson  and  his  colleagues  on  the  result  of  their  work.  Id 
my  copy  of  the  solid  map  there  is  one  small  error  of  oolonr  whioh 
does  not  appear  on  the  drift  edition :  the  lower  part  of  the  band 
representing  Upper  Goal-measure  limestone  south  of  Chesterton  is 
coloured  bright  blue,  instead  of  being  the  same  tint  as  the  patch 
a  little  to  the  north. 

The  Memoir  (pp.  1-87,  with  several  diagrammatic  illostrations) 
might  be  included  as  a  heading  for  the  new  section.  It 
appears  to  us  to  be  carefully  and  thoughtfully  written,  Bofficient 
as  an  explanation  of  the  map,  and  accurate  in  detail,  the  worst 
faults  being  probably  printer's  errors.  Due  thanks  are  given  for 
all  the  local  help  received,  and  it  has  not  been  of  small  amount 
Owners  and  engineers  of  mines  have  generously  placed  their  plans 
and  sections,  and  journals  of  borings,  in  the  most  unselfish  way  in  the 
hands  of  the  Survey,  and  local  geologists  have  received  the  com- 
pliment of  having  many  of  their  very  radical  views  adopted,  after 
a  most  careful  review  of  the  evidence  in  the  field. 

We  note  the  absence  of  Permian  and  Yoredale  beds  from  the 
table  of  strata;  instead  of  the  Permian  Mr.  W.  Gibson  gives  his 
carefully  worked  out  sequence  of  the  Upper  Coal-measures  of  North 
Staffordshire,  and  we  read  in  the  preface  that ''  The  Pottery  Coal- 
field presents  a  type  development  of  the  Midland  coalfields,  to  which 
the  sequence  in  other  districts  can  be  referred.'* 

Chapter  ii,  on  the  Millstone  Grits  and  the  beds  below,  by  Mr.  G. 
Barrow,  F.G.S.,  is  headed  by  an  instructive  section  of  the  rocks 
across  Endon.  He  remarks  on  the  peculiar  character  of  the  black 
shales  below  the  Crowstones  and  the  Stanley  Grit.  "  The  dark 
shales  contain  a  great  number  of  small  plant-remains,  the  mode  of 
occurrence  of  which  is  suggestive  of  leaves  falling  into  comparatively 
smooth  or  quiet  waters.  They  further  suggest  the  idea  that  much 
of  the  shale  may  be  due  to  a  process  of  filtration  of  coarser  material 
by  dense  vegetation,  which  arrested  the  flow  of  the  heavier  sand 
particles,  and  at  the  same  time  supplied  the  great  number  of 
comparatively  uninjured  fragments  of  plants."  This  idea  is  fall 
of  suggestion,  but  it  connotes  the  nearness  of  land,  and  these 
beds  thin  out  very  rapidly  to  the  south  and  west.  We  note  one 
fault,  almost  characteristic  of  Survey  Memoirs,  in  this  chapter. 
Mr.  Barrow  is  quite  contented  with  the  generic  names  of  his  fossils, 
but  we  wish  he  had  recognized  the  great  importance  of  adding  the 
species  also.  Ooniatiiea  and  Aviculopecten  convey  very  little  accurate 
knowledge  of  horizons.  The  single  important  fact,  however,  comes 
out,  that  the  shales  between  the  grits  and  crowstones  contain  marine 
fossils  as  a  rule.  We  miss,  too,  the  list  of  plants  found  when  driving 
through  the  shales  belw^^ii  V\vq  ^r^t  and  third  grits  at  Stockton 
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Biook  Waterworks,  identified  by  Mr.  R.  Eidston,  and  pablisbed  in 
the  Traneaotions  of  the  North  Staffordshire  Field  Olab  for  1889. 

Chapter  iii  deals  with  the  Lower  and  Middle  Coal-measures  :  an 
artificial  horizon,  the  Ash  Coal,  is  taken  as  the  base  of  the  Middle 
Ooal-measnree.  We  ourselves  should  have  felt  inolined  in  the  first 
place  to  make  no  subdivision,  or  to  have  placed  it  at  the  horizon  of 
the  7  foot  Banbury  seam.  Mr.  Gibson  seems  doubtful  of  the  utility 
of  this  subdivision,  and  it  is  difficult  to  see  what  good  purpose  it 
serves.  He  has  wisely  not  given  different  colours  to  the  two 
divisions  on  the  msp. 

The  lowest  part  of  the  coalfield,  below  the  Winpenny  Coal,  is 
not  well  known,  and  none  of  the  coals  are  now  worked.  The 
measures  are  about  1,200  feet  thick.  Carhanicola  aeuta^  Lingula 
Credneri?  occur  in  them  at  different  horizons,  as  well  as  the 
marine  fossils  indicated.  A  note  at  the  bottom  of  p.  19  informs 
as  that  the  section  marked  with  an  asterisk  is  by  Mr.  Barrow. 
The  asterisk  has  been  omitted,  but  presumably  the  article  on  the 
Shafialong  Coalfield  is  referred  to.  The  important  seam  in  the 
Cheadle  Coalfield  known  as  the  Froghall  ironstone,  a  hasmatite 
which  lies  on  or  a  few  feet  above  the  first  grit  in  the  neighbouring 
Cheadle  Coal  basin,  has  not  been  proved  to  be  present  either  in  the 
ShaffiJong  or  Biddulph  Valley  basins. 

It  is  pointed  out  that  throughout  the  Coal-measures  in  North 
Staffordshire  the  measures  between  the  coal-seams  thin  out  rapidly 
to  the  west  and  thicken  to  the  north.  It  is  a  well-known  fact,  and 
the  Millstone  Qrit  and  Pendleside  Series  also  thicken  rapidly  to  the 
north  and  north-east,  indicating  the  direction  of  the  land  whence 
Che  detrital  matter  was  obtained.  In  connection  with  this  subject 
we  are  informed  (p.  25) :  "  On  comparing  the  shaft  sections  in  this 
area  [Biddnlpb]  with  those  in  the  Longton  district  it  will  be  noticed 
that  there  is  a  larger  proportion  of  sandy  material  in  the  northern 
area."  Naturally  sand  ^rrains,  being  heavier,  would  not  be  transported 
so  far  as  the  lighter  shale  particles. 

The  nodules  with  marine  fossils  over  the  7  foot  Banbury  seam  at 
Lyoett  Colliery  are  strongly  suggestive  of  the  fauna  and  general 
character  of  the  roof  of  the  Bullion  coal  of  Lancashire.  The  different 
character  of  the  coals  as  regards  ookeing  (spelled  'cooking,'  line  16, 
p.  32)  is  of  interest,  those  on  the  east  side  of  the  coalfield  not  having 
this  quality,  but  the  same  seams  on  the  west  ookeing  well. 

Chapter  iv  deals  with  the  Upper  Coal-measures,  and  is  well  worth 
study.  Mr.  Gibson  has  previously  indicated  the  main  features  of 
his  discoveries  and  views  on  this  important  series  of  rocks.  It  is 
not  therefore  necessary  to  give  his  table  here  in  detail.  It  suffices 
to  say  that  there  are  four  well-marked  subdivisions,  which  he  names 
the  Eeele  Series,  700  feet ;  Newcastle-under-Lyme  Series,  300  feet ; 
the  Etruria  Mads,  800  to  1,100  feet ;  the  Blackband  Series,  300  to 
450  feet ;  of  which  the  last  is  of  economic  importance,  as  it  contains 
several  valuable  Blackband  ironstones  resting  on  coals  which  are 
worked  together,  although  on  p.  17,  line  19,  it  is  stated  that  the 
Upper  Coal-measures  contain  no  workable  seams  of  coal.     It  la  o€ 
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great  interest  to  know  that  the  same  snooession  is  found  in  the  Sontb 
Staffordshire,  Nottinghamshire,  and  Denbighshire  Coalfields. 

A  saggestive  sentence  on  p.  37  raises  the  question  whether  the 
Badstock  Coal-measures  of  the  Bristol  Coalfield,  which  Mr.  Eidston 
believes  to  be  still  higher  in  the  series,  should  oome  on  aboTe  the 
Eeele  Series.  Mr.  Eidston's  palasobotanioal  researches  led  him 
to  suggest  that  the  flora  of  the  Upper  Coal-measures  of  North 
Staffordshire  are  transitional  between  the  Middle  Coal-measures 
and  the  Badstock  Beds.  We  cannot  altogether  accept  this  view  as 
conclusive,  because  Carhonicola  aqutlinaf  a  shell  which  does  not,  as 
far  as  we  know,  exist  above  the  Ash  Coal,  is  found  in  the  plant  beds 
of  Badstock,  and  either  the  plants  or  the  Lamellibranoh  therefore 
cannot  be  of  such  zonal  importance  as  each  specialist  would  suppose. 
Up  to  date,  we  believe,  the  Badstock  fauna  has  not  been  found  oat 
of  the  Bristol  area  in  England  or  Scotland. 

We  are  informed  that  a  larger  Memoir  on  the  North  StafFbrdshirs 
Coalfield  is  in  preparation,  and  we  await  this  with  pleasure  if  the 
present  memoir  be  an  earnest  of  things  to  come. 

In  the  larger  memoir  we  hope  for  an  account  of  the  peculiar  lime- 
stones of  the  Upper  Coal-measures,  and  some  discussion  of  their 
methods  of  deposition  and  source.  The  inconstant  character  of  the 
Blackband  ironstones  over  the  whole  area  points  to  the  probability 
that  they  are  of  secondary  origin,  iron  having  replaced  calcium  in 
a  limestone,  for  which  view  there  is  certain  positive  evidence. 

The  Etruria  Marls  are  largely  ueed  for  brick  and  tile  making. 
The  green  grit  contained  in  them,  composed  of  volcanic  material, 
also  stated  to  occur  in  other  areas  at  the  same  horizon,  raises  an 
interesting  question  of  whence  it  was  derived,  which  we  hope  will 
be  settled  in  the  fuller  work  on  the  district  We  are  glad  to 
note  that  the  red  colour  of  the  Etruria  Marls  is  shown  to  be 
original ;  we  have  always  held  that  opinion. 

To  the  fossils  are  given  two  pages,  but  we  are  promised  better 
things,  and  the  district  deserves  it.  The  long  and  careful  work 
done  by  Mr.  John  Ward  and  others  has  resulted  in  a  more  accurate 
and  detailed  knowledge  of  the  palaeontology  of  the  North  Stafford- 
shire Coalfield  than  of  any  other. 

Some  few  specific  names  might  have  been  added  without  difficulty, 
but  we  cannot  conceive  why  Carbontcola  lateralis,  a  synonym  of 
C.  aquilina,  is  quoted  as  the  only  species  of  this  important  genus 
worthy  of  mention. 

Chapter  v  deals  with  the  Triassic  beds,  which  overlie  the  edges 
of  the  Pottery  Coalfield  with  marked  unconformity.  The  following 
passage  shows  that  the  author  had  a  mental  horizon  not  strictly 
limited  by  mere  map-making  (p.  62,  1.  12): — **In  Triassic  times 
land  had  evidently  obtained  the  upper  hand.  The  wind-blown 
and  false-bedded  sandstones  of  the  Bunter  period  are  a  sure  index  of 
desert  conditions,  while  the  beds  of  salt  and  gypsum  of  the  Eeuper 
indicate  land-locked  sheets  of  water  undergoing  rapid  evaporation. 
It  is  difficult  to  account  for  the  shingle  beds,  but  it  should  be 
remembered  that  coarse  gravels  form  no  inconsiderable  portion  of 
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the  deponto  in  the  Sahara."  We  weloome  these  highly  soggeitiye 
ideas  on  Bpeoohitiye  problems  of  geology,  several  examples  of  whioh 
•re  scattered  throngh  the  memoir. 

Chapter  vi  treats  of  faults,  folds,  and  igneoas  intrusions,  and 
chapter  yu  of  glaoial  deposits,  whioh  are  fairly  extensive.  Their 
importanoe  maj  be  judged  from  the  following  passage  (p.  67, 
L  17)  :  "The  Trent  between  Abbey  Villas  and  the  railway  bridge 
to  the  north  flows  in  a  shallow  cutting,  the  surface  of  the  water 
being  between  390  and  400  feet  above  o.d.,  or  at  a  higher  level  than 
the  pre-glacial  surface  at  the  Hanley  and  Bucknall  Collieries." 
Here  the  drift  is  81  feet  thick,  making  the  pre-glaoial  surface 
366  feet  above  o.d. 

The  chapter  on  the  "  Economic  Besources  and  Applied  Geology  " 
is  not  the  least  important,  but  the  section  on  the  future  of  the 
Coalfield  is  pregnant  with  interest.  It  is  gratifying  to  know  that 
a  rich  field  of  coal  still  exists  in  North  Staffordshire,  although  at 
great  depths.  The  Newstead  boring,  the  journal  of  which  is 
generously  made  public  by  those  for  whom  it  was  put  down,  shows 
that  the  uppermost  seam  of  the  Middle  Coal-measures  was  reached 
at  1,946  ft.  7  in.,  from  which  it  may  be  assumed  that  the  Moss 
coal  is  3,400  feet  and  the  Cockshead  4,800  feet,  and  between 
these  two  seams  are  all  the  best  coal-seams  and  many  ironstones. 
It  is  therefore  only  a  question  of  engineering  to  win  them  on 
remunerative  terms. 

We  feel  that  this  memoir  merits  unstinted  praise,  and  it  will  be 
valued  by  local  geologists  and  mining  men  for  its  accurate  details 
and  its  thoughtful  suggestions.  W.  Hind. 

II. — Supplement  to  the  Enotolopjedia  Bbitannioa. 

The  EnoyolopjEDia  Bbitannioa,  Supplement,  is  a  work  which 
professes  to  supply  the  public  with  the  very  latest  information  on 
those  subjects  of  which  it  treats,  and  naturaUy  excites  the  curiosity 
of  the  man  of  science.  And  with  this  in  view  we  have  asked  some 
of  our  younger  contributors  to  give  our  readers  a  few  ideas  on  the 
articles  dealing  with  geological  and  palsdontological  matters  in 
the  Supplemental  volumes  of  the  Encyclopsedia  Britannica,  six 
of  whioh  have  been  issued  in  the  last  few  months. 

Abaohnida,  by  E.  Bay  Lankester.  More  like  a  book  than  an 
article,  though  one  does  not  grumble  at  abundance  of  information. 
A  review  of  the  group,  and  of  considerable  importance  to  geologists, 
though  there  is  nothing  absolutely  new  paladontologioaily  in  the 
article. 

Qeoloot,  by  Sir  Archibald  Geikie.  Compared  with  the  last 
article  is  very  scrappy  considering  the  importance  of  the  subject. 
Has  a  paragraph  on  zonal  stratigraphy.  Very  curious.  Still  more 
curious  is  the  careful  reference  to  Professor  Lapworth's  work  on 
the  zones  of  the  Silurian  and  Ordovician,  and  the  absolute  silence 
concerning  the  more  recent  work  on  similar  lines  by  Wheelton  Hind 
on  the  Carboniferous  Limestone,  by  Buckman  on  the  Inferior 
Oolite,  and  by  Dr.  Rowe  on  the  White  Chalk. 
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loHTHTOLOOT,  by  Albert  Gantber.  In  ibis  artiole  maoh  more 
attention  baa  been  paid  to  fossil  fisbes  tban  in  tbe  article  in  the 
earlier  Tolame.  Still,  in  a  publication  intended  to  afford  tbe  latest 
information  on  tbe  sabject  more  migbt  bave  been  gatbered  from 
tbe  recent  work  of  palsdicbtbyologists.  Tbe  classification  g^ven  is 
open  to  modification  and  does  not  seem  in  accordance  with  modem 
views. 

BiBDS,  by  H.  Gadow.  A  valuable  article,  wbicb  discusses  tbe 
various  classifications,  and  terminates  as  usual  in  a  new  classification 
of  tbe  author's  own.  Gives  a  summary  of  recent  work  in  palaso- 
zoology,  and  empbasizes  tbe  futility  of  attempting  to  derive  birds  from 
tbe  Pterosanria,  as  equal  to  tbat  of  attempting  to  derive  tbem  from 
tbe  Dinosauria. 

Cuttle-fish,  by  J.  F.  Blake.  Writing  on  Cuttle-fish,  Mr.  Blake 
contrives  to  run  tbe  gamut  of  all  tbe  Cephalopoda,  apparently  with 
the  object  of  explaining  to  tbe  ignorant  what  is  the  exact  relation 
of  Septa  offieinaliB  to  tbe  rest  of  the  universe.  Incidentally  be 
coquettes  dangerously  with  Steinmann's  speculation  tbat  tbe  Octopoda 
are  tbe  descendants  of  the  Ammonites,  a  view  wbicb,  if  ever  accepted 
by  anyone  beyond  its  author,  has  surely  been  disproved  by  the 
subsequent  observations  of  Appellof.  It  is  also  remarkable  that 
tbe  author  of  this  article  in  the  Encydopsddia  Britanniea  should  not 
yet  have  satisfied  himself  as  to  tbe  homologies  of  the  cuttle-bone. 

Earth,  Figure  of.  Mr.  R.  Radau,  of  Paris,  writing  nominally 
on  '*  The  Figure  of  the  Earth,"  gives  an  account  of  past  and  future 
(chiefly  future)  expeditions  to  measure  arcs.  He  prefers  tbe 
ellipsoid  of  revolution  as  the  spheroid  of  reference,  but  says  little 
as  to  the  manner  or  extent  of  difference  therefrom  displayed  by  tbe 
geoid,  and  says  nothing  about  the  tetrahedral  theory  so  much  boomed 
of  late. 

Coal,  by  H.  Bauerman.  Chiefly  concerns  mining.  A  sketch  of 
the  origin  of  coal  is  given,  but  the  reader  had  better  consult 
Seward*s  papers  in  *^  Science  Progress,'*  1894,  and  his  **  Fossil 
Plants,"  1898. 

Alps,  by  T.  G.  Bonney.  Commences  with  a  tribute  to  the 
excellence  of  the  article  on  Alps  in  the  EncyclopsBdia  itself. 
Then  plunges  into  a  brilliant  survey  of  the  whole  subject.  The 
bibliography  includes  Dr.  Heim. 

Brachiopoda,  by  A.  E.  Shipley.  Mr.  Shipley  treats  Bracbiopoda 
chiefly  from  the  standpoint  of  the  anatomist,  and  gives  a  useful 
summary  of  the  work  of  Bloohmann  and  others.  He  does,  however, 
discuss  the  aperture  for  the  peduncle,  and  the  classification  based  on 
the  various  modes  of  its  closure.  *'  What  is  a  Brachiopod  ?  "  is  an 
old  question.  Mr.  Shipley  is  not  to  be  caught  They  are  an 
**  isolated  group  " ;  yet  they  "  seem  to  belong  to  tbat  class  of  animals 
which  commences  life  as  a  larva  with  three  segments";  but,  lest 
this  should  be  too  warm  a  scent,  he  adds  that  "  trisegmented  larvs 
have  been  found  now  \n  %^n^t«\  q^  l\i^  larger  groups." 
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Eabthquakss,  by  J.  Milne.  Who  shoald  write  on  Earthquakes  if 
tiot  John  Milne  ?  Right  valiantly  does  he  urge  the  claims  of  the 
tremnloQB  soienoe,  giving  a  history  of  seismometry,  with  figures  of 
«11  manner  of  seismometers,  and  showing  the  value  of  seismology  in 
eveiy  department  of  human  activity.  Geologists  will  note  with 
interest  that  he  finds  no  direct  connection  between  earthquakes 
worthy  of  the  name  and  volcanic  eruptions,  but  rather  looks  on  them 
u  a  symptom  of  rock-folding:  when  a  rock-bed  snaps  under  the 
strain  we  feel  the  vibrating  shocks,  but  when  masses  are  displaced 
the  quake  undulates  around  the  earth. 

Olaoisbs.  There  is  no  article  on  Glaciers.  Perhaps  the  editors 
are  awaiting  the  return  of  the  "  Discovery." 

FxHB,  by  J.  T.  Bealby.  Too  short,  but  a  capital  little  sketch. 
Might  have  given  a  little  more  about  the  geological  history  of  the  area. 

Amphibia,  by  G.  A.  Boulenger.  An  up-to-date  article,  giving 
a  very  condensed  survey  of  the  subject,  including  all  recent  work. 
EzoeUent  bibliography. 

Channel  Tunnel,  by  W.  B.  Dawkins.  Useful  sketch  of  the 
history  of  the  work  and  its  geological  interest.  Mention  of  Francis 
Brady's  detailed  section  of  the  boring  for  coal  at  the  same  spot  on 
the  English  coast,  printed  in  1892,  would  not  have  been  out  of  place 
in  this  article. 

EoHiNODEBMATA,  by  F.  A.  Bather.  Considering  the  numbers  and 
variety  of  the  Echinoderms,  and  the  enormous  amount  of  work  done 
on  them  since  the  rather  inadequate  article  in  the  ninth  edition  of 
the  Encyclop8Bdia,  we  are  not  surprised  that  Dr.  Bather  has  found  it 
impossible  within  seven  pages  to  give  more  than  a  sketch  of  modem 
views  as  to  the  morphology  of  the  group.  He  has  devoted  himself 
to  making  clear  the  relations  of  the  Echinoderma  to  the  other  phyla 
of  the  Animal  Kingdom,  and  the  supposed  origins  and  interrelations 
of  the  various  classes ;  but  into  any  account  of  these  latter  he 
declines  to  be  drawn,  considering,  no  doubt,  that  each  of  them 
should  have  an  article  to  itself. 


in. — BlBLIOQBAPHY    AND    CaTALOQUE    OF    THE   FoSSIL  VeBTEBBATA 

OF  NoBTH  Amebic  A.    By  Oliveb  Pebbt  Hat.    Bull.  U.S.  Geol. 
Surv.,  No.  179.     8vo.     (Washington,  1902.) 

ANYONE  who  will  take  the  trouble  to  oast  his  eye  over  the  series 
of  volumes  which  form  the  Bulletins  of  the  United  States 
Geological  Survey  cannot  fail  to  be  filled  with  admiration  at  the 
mass  of  digested  information  presented  for  his  use,  and  amazement 
that  so  much  bibliographic  work  can  have  been  turned  out  in  so 
short  a  period.  And  yet  these  180  volumes  (1883-1902)  form  only 
a  small  part  of  the  publications  of  the  United  States  Geological 
Survey,  which  is  supported  by  the  State  in  a  manner  so  magnificent 
that  it  compels  our  envy.  Not  only  are  they  models  of  what 
such  publications  should  be,  but  they  embrace  so  wide  an 
interpretation  of  the  word  'geology '  that  scarcely  any  subject,  however 
remote  its  connection  with  the  science,  but  finds  a  place  in  its 
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volumes.  Moreover,  the  volumes  themselves  are  distributed  with  so- 
lavish  a  hand  that  any  student  oan  obtain  them  either  for  the  asking 
or  else  for  a  sum  so  insignificant  as  to  be  afforded  by  the  poorest 

As  an  instance  of  the  range  of  subjects  we  may  mention  the 
following,  all  of  which  have  formed  bibliographies  or  books  of 
reference  of  the  most  comprehensive  and  valuable  nature : — 

Scudder :  Index  to  known  Fossil  Insects  of  the  World. 

Maroou  :  Catalogue  of  Geological  Maps  of  America  (1752-1881). 

Yogdes  :  Bibliography  of  Palaeozoic  Crustacea. 

The  series  of  Correlation  Papers. 

Beoords  of  North  American  Qeology  sinoe  1886. 

The  series  of  Gazetteers  of  the  States.     In  progress. 

Darton :  Catalogue  and  Index  to  North  American  Geology,  1732- 
1891 ;  continued  by  Weeks,  1892-1900. 

Branner :  Bibliography  of  Clays,  etc. 

Enowlton  :  Cretaceous  and  Tertiary  Plants. 

Weller :  Index  of  North  American  Carboniferous  Invertebrates. 

Schuchert :  American  Fossil  Brachiopoda. 

Gannett :  Dictionary  of  Altitudes  in  the  United  States. 

Warman  :  Catalogue  and  Index  to  the  Publioations  of  the  U.S. 
Geol.  Surv. 

The  one  before  us  is  not  the  least  of  these  invaluable  books,  and 
it  is  a  pleasure  to  offer  to  Mr.  0.  P.  Hay  hearty  and  sincere  thanks 
for  a  book  which  has  long  been  wanted,  and  which  will  oertainly  be 
of  the  greatest  value  to  British  zoologists.  Mr.  Hay  divides  his 
book  into  a  Bibliography  (up  to  1900)  ;  a  tabular  Key  to  the 
catalogue  ;  a  Catalogue  (of  the  genera  and  species) ;  Addenda  et 
Corrigenda ;  Index.  The  whole  book  runs  to  868  pages.  The 
synonymy  is  compressed  into  a  minimum  of  space,  by  an  arrange- 
ment of  quotation  by  which  the  several  papers  are  referred  to  by 
year  and  page  only,  the  refiider  having  to  refer  to  the  Bibliography 
for  the  full  quotation.  This,  though  a  loss  of  time  to  the  user, 
seems  inevitable  now  that  the  subjects  have  grown  to  such  vast 
dimensions.  The  Index  is  arranged  under  trivial  names,  each 
followed  by  its  generic  variant,  and  thus  any  specific  name  can  be 
found  without  trouble. 

To  criticize  such  a  work  as  Mr.  Hay's  would  not  be  possible 
without  great  trouble;  use  only  can  show  whether  his  work  is 
accurate.  However  that  may  be,  we  have  to  thank  him  for  his 
labours,  labours  rarely  fully  appreciated  by  those  who  find  in  such 
books  almost  half  of  their  own  work  done  for  them.  C.  D.  S. 


IV. — Hablyn  Bay  and  the  Discoveries  of  its  Pbehistobio 
Remains.  By  R.  Ashington  Bullen,  B.A.,  F.L.S.,  F.G.S.,  etc. 
Second  Edition,  revised  and  greatly  enlarged.  8vo  ;  96  pages, 
with  18  plates  and  9  text-figures.  (London  :  Sonnenschein  &  Co., 
1902.     Price  1«.) 

rpHE  truthful  records  of  any  people  lead  us  to  consider  the  land 
JL  in  which  they  dwelt,  and  especially  its  surface  aocumulatious, 
retaining  evidences  of  early  human  occupation.     These  may  be 
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omaments,  utensils,  tools,  or  weapons;  relics  of  the  life*abodes 
or  skeletal  remains.  Thas  archsdology  and  geology  have  met  in 
the  study  of  very  many  interesting  exposures  of  archaio  remains ; 
and  now  attention  is  directed  to  Harlyn  Bay,  near  Padstow,  in 
Cornwall.  Here  a  prehistoric  grave-ground  and  a  recognizable 
bat  near  by  form  an  interesting  picture  of  long  past  times,  framed 
on  one  side  with  the  great  Palaeozoic  crags  of  the  Bay,  on  the 
other  hand  passing  into  the  wide  Atlantic  with  its  mysteries  of 
lunken  lands  and  lost  Atlantis. 

The  details  have  been  preserved  by  the  thick  coating  of  shore- 
sand  derived  in  ages  past,  partly  from  broken  sea-shells  and  partly 
by  sea  and  wind  from  rocks  and  strata  no  longer  visible. 

The  neighbouring  country  is  characterized  by  the  tumuli  and 
flint  weapons  of  people  of  the  later  Stone-age.  But  on  the  shore 
of  the  Bay,  in  making  foundations  for  a  new  house,  there  were 
found  beneath  15  feet  of  sand  at  least  a  hundred  slab-made  cists, 
or  stone  graves,  with  bones  of  the  ancient  people,  accompanied  by 
many  flakes  of  the  hardest  slate  of  the  vicinity.  These  bits  of  slate 
had  been  deftly  trimmed  into  pointed  and  sharp-edged  knives, 
besides  awls,  scrapers,  hammers,  etc.  Some  are  shown  in  plates 
iv,  V,  and  vi.  The  use  of  slate  for  tools  and  utensils  is  illustrated 
with  reference  to  other  observers  abroad  and  at  home.  Some  small 
flint  flakes  and  tools  from  near  Harlyn  are  shown  in  plate  viL 

The  slabs  of  slate  and  flagstones  largely  used  for  the  sides,  ends, 
and  covers  of  the  cists  were  obtained  from  the  rocks  near  by 
(known  as  '  Devonian '  in  systematic  geology).  In  some  cases 
blocks  of  stone  had  evidently  been  dropped  directly  on  the  head 
of  the  dead  or  dying  persons  laid  in  the  graves.  In  some  graves 
the  whole  skeleton  had  been  intentionally  flattened  by  the  fall  of 
the  upper  slab.  Mr.  Bullen  has  carefully  quoted  the  descriptions 
given  by  some  authors  of  such  maltreatment  of  the  dead  or  dying 
occupants  of  new  graves;  also  as  to  the  occasional  custom  of 
separated  limbs  being  arranged  in  burial ;  and  indeed,  further,  he 
has  to  allude  to  the  sacrificial  imbedding  of  a  living  victim,  for  he 
has  noticed  evidently  a  more  or  less  analogous  case  under  some 
of  the  old  stonework.  Thus  there  are  here  subjects  of  study  for 
the  archaeologist  in  the  graves,  and  for  the  geologist  in  the 
surroundings.  This  little  book,  with  its  numerous  plates  and 
figures,  abundantly  proves  this ;  and  the  author's  particularly  careful 
collateral  allusions  to  analogous  customs  among  various  ancient 
and  archaic  people  give  much  interest  and  instruction  to  the  reader. 


EoTAL  Society  of  New  South  Wales. 

(From  the  Abstract  of  Proceedings,  September  3rd,  1902.) 

Professor  Warren,  M.  Inst.  C.E.,  etc..  President,  in  the  Chair. 
Among  others,  the  following  paper  was  read :  "  Meteoric  Dusts^ 
New  South  Wales,"  by  Professor  Liversidge,  M.A.,  LL.D.,  F.B.S. 


572  Correspondence — A.  R.  Hunt 

The  term  meteorio  dust  is  used  beoause  it  is  oommonlj  applied  to 
the  materials  forming  the  subject  of  this  paper ;  it  is  not  intended 
to  state  that  the  dasts  are  necessarily  of  cosmic  or  extra-terrestrial 
origin.  The  specimens  described  and  exhibited  were  from  Momjm 
(fell  on  Dec.  15th,  1880),  from  Uralla  (fell  on  Dea  14th,  1882),  from 
near  Broken  Hill  (fell  1896),  from  Menindie  (fellJone  17th,  1899), 
and  Pambula  (fell  Oct.  5th,  1899).  Dost  from  the  roof-beama  and 
mud  from  a  covered  cistern  at  the  University  and  from  the  roof  of 
the  Observatory,  Sydney,  all  three  were  collected  in  1882.  All  the 
<lasts  are  of  a  reddish  coloar  except  those  from  the  University  and 
Observatory,  which  are  grey.  The  red  dusts  aro  mainly  siliciooa 
and  argillaceous,  and  look  as  if  they  had  oome  from  dried-np  water- 
holes  ;  they  contain  a  variety  of  organic  and  mineral  matters  sooh  as 
might  be  expected  from  such  a  source,  and  in  addition  magnetite 
and  metallic  iron ;  the  latter  contains  cobalt  and  nickel,  which 
seems  to  indicate  that  the  dusts  contain  some  cosmic  or  extra- 
terrestrial materials,  part  of  which  may  have  settled  down  and 
become  mingled  with  the  undoubted  superficial  terrostrial  deposits 
and  part  may  have  been  derived  diroctly  from  the  atmosphere. 
The  University  and  Observatory  dusts  also  yielded  magnetite  and 
metallic  iron  containing  cobalt  and  nickel,  and  the  University  dust 
yielded  particles  of  gold ;  the  Observatory  dust  has  yet  to  be  tested. 
The  Moruya,  Menindie,  and  Barrier  red  dusts  yielded  particles  of 
gold ;  the  others  have  yet  to  be  examined.  Fuller  information  ii 
given  in  the  paper  as  to  the  constituents  and  chemical  composition 
of  the  dusts,  and  analyses  of  volcanic  and  other  dusts  for  comparison. 

Professor  Liversidge  also  exhibited  under  the  microscope  particles 
of  a  malleable  yellow  metal,  which  have  all  the  appearance  o( 
gold,  obtained  from  certain  Australian  and  European  meteorites 
(Riderolites).  The  presence  of  gold  in  meteorites  bears  upon  the 
presence  of  gold  in  *  meteorio '  dusts,  and  it  is  also  of  great  interest 
in  connection  with  the  prosence  of  gold  upon  the  earth  and  in 
sea-water,  inasmuch  as  meteorites  and  the  dust  of  meteorites  are 
constantly  falling  upon  the  earth  to  the  extent  of  probably  many 
million  tons  a  year.  Further  information  upon  the  question  of 
the  presence  of  gold  in  meteorites  will  be  given  shortly  in  a  sub- 
aequent  paper. 

C0I^I^E3s:P0I^^IDEI^^cs- 

IIYDROTHERMAL  METAMORPHISM. 

Sir, — I  crave  a  few  words  of  explanation  of  my  paper  on 
Hydrothermal  Metamorphism  noticed  in  your  curront  number. 
The  ulterior  object  of  the  paper  was  to  elicit  a  discussion  on  the 
singular  fact  that  in  the  Devon  schists  albite  containing  fluid 
inclusions  is  intimately  associated  with  chlorite  and  other  water- 
bearing minerals ;  and  this  in  rocks  which  show  no  sign  of  any 
high  temperature,  far  less  of  fusion.  So  far  as  I  am  aware,  albite 
has  only  been  produced  artificially  in  the  crucible  at  a  high 
temperature.     After  my  little  paper  was  written  I  found  to  my 
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that  it  woald  appear  to  intrade  on  the  sabject  of  the 

frendent's  ▲ddress,  and  on  hearing  the  address  I  found  that  the 

f  resident  aotnally  discnssed  the  fusion  temperature  of  albite  froni 

CMie  extreme,  whereas  I  had  hoped  to  ooax  a  discussion  on  the  other 

extreme.     Thus,  instead  of  being  able  to  ask  the  opinion  of  the 

■eotion,  I  was  obliged  with  all  emphasis  to  warn  the  section  not 

to  allow  mj  paper  to  be  an  excuse  for  discussing  the  President's 

*wiew8,  and  so  transgress  the  inviolable  custom  of  the  British  Asso* 

ciation,  not  to  attack  a  chairman  when  he  is  not  free  to  defend 

liiniaelf.     My  paper  beiog  sent  in  too  late  for  me  to  supply  an 

abstract,  the  Becorder  of  lotion  G  most  kindly  wrote  the  excellent 

epitome  yon  have  published,  and  therein  stereotyped  an  undoubted 

ambiguity  which  I  subsequently  corrected  in  reading.     Of  course,. 

liomblende  does  not  always  contain  water,  as  might  be  inferred 

from  my  manuscript ;  but  certain  varieties  are  said  to  do  so.     But 

In  the  event  of  the  hornblende  being  rejected,  the  chlorite,  epidote, 

aoiaite,  and  the  fluid  inclusions  in  the  albite,  are  sufficient  to  prove 

my  point.  A.  B.  Hunt. 

FOZWOBTHT,    MOKBTONHAMP8TBAD. 

'SONOROUS'   SAND. 

Sm, — In  September  last  I  paid  a  visit  to  Tenby,  and  while  there 
made  a  point  of  seeing  the  notable  junction  between  the  Old  Bed 
and  Carboniferous  series  of  rocks.  The  section  is  met  with  a  few 
miles  to  the  west  of  Tenby,  in  a  small  bay  called  Skrinkle  Haven. 
I  was  doubly  repaid  for  the  efifort  of  getting  to  this  not  very 
accessible  spot  by  seeing  a  most  interesting  geological  section,  and 
finding  musical  notes  emitted  from  some  of  the  sand  traversed  while 
examining  the  junction. 

I  had  never  met  with  the  phenomenon  before,  and,  being  pre- 
occupied, at  first  attributed  the  sounds  to  a  knocking  together  of 
articles  on  my  person;  but,  giving  my  attention  to  it,  found  the 
sounds  arose  from  my  feet  at  each  step,  as  my  boots  sank  into  the 
sand.  The  notes  were  clear  and  metallic,  and  were  emitted  only 
from  the  dry,  loose  sand  above  the  range  of  the  tide.  I  did  not  test 
its  '  musical '  property  in  any  other  way  than  walking  in  it,  but  found 
an  increase  in  the  sound  on  thrusting  the  heel  deeper  into  the  sand. 

In  Nature,  vol.  xxxix,  there  are  references  made  to  investigations 
and  explanations  in  regard  to  these  sounds.  Dr.  Julian  and  Pro- 
fessor Bolton  attribute  them  to  "a  film  of  condensed  air  round 
each  grain  of  sand,  which  acts  as  an  elastic  cushion,  and  enables 
the  sand  to  vibrate  when  disturbed,"  while  Mr.  C.  Cams  Wilson 
oonsiders  the  sound  to  be  caused  by  friction,  "  the  cumulative  effect 
of  numerous  vibrating  particles  that  becomes  audible." 

In  accordance  with  Mr.  Wilson's  theory,  the  grains  in  the  patch 
of  sand  which  emitted  the  sounds  "were  rounded,  polished,  and 
free  from  fine  fragments ;  they  must  have  had  sufficient  amount  of 
'  play '  to  enable  them  to  slide  one  against  the  other ;  the  grains 
were  perfectly  clean,  and  possessed  a  certain  degree  of  uniformity, 
within  a  certain  range  of  size"  (vide  Nature,  vol.  xliv,  p.  322). 
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A  number  of  places  where  such  sand  is  met  with  is  given  by  these 
writers  and  others,  but  as  no  mention,  as  far  as  I  am  aware,  is  made 
of  Skriokle  Haven,  I  thoaght  it  might  be  of  sufficient  interest  to 
justify  this  note.  HABroBD  J,  Lows,  F.G.S. 

TOBQVAT. 

SOUTH  AFRICAN  PETROGRAPHY. 

Sib, — In  my  paper  on  the  above  subject  in  the  August  number 
I  should  like  to  point  out  two  errors.  Fig.  4  represents  the  diorite 
•described  immediately  above  it,  and  not,  as  stated,  the  granite 
referred  to  on  p.  364.  The  other  error,  for  which  I  am  myself 
responsible,  is  in  a  reference  to  the  melilite-bearing  rock  of  the 
Spiegel  River  in  Cape  Colony  (p.  366).  This  was  discovered  by 
Messrs.  Eogers  &  Schwarz,  of  the  Cape  Qeological  Commission, 
«nd  described  by  them  in  the  report  of  that  body  for  1898,  p.  62. 
Professor  Cohen's  description  referred  to  is  of  a  Transvaal  rook  of 
A  similar  character,  and  I  cannot  now  account  for  having  confused 
it  with  the  other.  My  delay  in  correcting  this  slip  is  due  to  absence 
up  country,  during  which  I  received  no  papers.     F.  P.  Mknnbll. 

Rhodesia  Museum,  Bulawato,  1902. 


THE  CRUMLIN  METEORITE. 

Sir, — In  your  issue  for  November,  p.  521,  you  remark  in  regard 
to  the  meteoric  stone  that  fell  at  Crumlin  on  September  13th,  that 
*'  no  one  [in  Ireland]  thought  it  worth  while  to  investigate  what 
appeared  to  be  a  hoax.''  May  I  state,  as  I  have  already  done  in 
the  Irish  Times,  that  the  first  newspaper  notice  of  the  event  appeared 
in  the  Northern  Whig  for  Sept.  17th,  when  I  was  crossing  to  Scotland. 
This  contained  so  clear  an  account  that  I  never  suspected  the  fall  to 
be  other  than  genuine,  and  at  once  commenced  negotiations  on  behalf 
of  the  Museum  in  Dublin.  Mr.  Walker,  the  owner  of  the  stone, 
although  at  the  time  unwell,  replied  promptly  ;  but  I  was  by  then 
travelling  in  Scotland,  and  his  letter  was  forwarded  to  me  to  an 
incorrect  address.  Consequently,  I  received  it  only  on  October  29th, 
and  had  heard  long  before  that  the  stone  had  been,  very  naturally, 
secured  for  the  British  Museum.  Gbbmville  A.  J.  CoLS. 

Dublin,  Nov,  3rrf,  1902. 

FOSSILS  OF  THE  OXFORD  IRON-SANDS. 

Sir, — As  the  fresh-water  fossils  of  the  Oxford  Iron-sands  are 
now  so  difficult  to  obtain,  it  is  worth  noting  that  during  a  traverse 
of  the  Lower  Cretaceous  outcrop  which  I  made  in  June  last 
I  chanced  to  find  a  pleuse  where  these  fossils  can  be  obtained  in 
abundance,  though  not  from  rock  actually  in  sitH.  The  locality 
is  Combe  Wood,  about  half  a  mile  south  of  Wheatley  Station  and 
five  miles  E.S.E.  of  Oxford.  A  low  stone  wall  on  the  western  side 
of  the  high  road  which  flanks  this  wood  on  the  west  is  in  places 
built  of  thin,  flaggy  iron -grit  crowded  with  the  casts  of  Umo, 
CyrenOf  PaludinGf  etc.  The  stone  for  this  old  wall  must  have  been 
obtained  in  the  \mm©A\«iX.^  V\cA\i\^'5^  Y^OfWhly  from  a  small  pit  now 
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oveigrown  and  oonoealed  in  the  adjacent  woodland.  I  found  after- 
wards that  most  of  the  Iron-sand  fossils  preserved  in  the  G^logioal 
Sarrey  Hnsenm  at  Jermyn  Street,  oolleoted  many  years  ago,  are 
labelled  "  Combe  Wood,"  and  are  in  all  respects  like  those  whioh 
I  obtained  from  the  wall ;  they  were  probably  got  when  the  quarry 
was  open.  This  flaggy  iron-grit  may  possibly  form  part  of  the 
lupposed  Parbeck  deposit  of  Combe  Wood  desoribed  by  Fitton  and 
mentioned  by  Professor  Phillips,  though  more  probably  it  has  been 
obtained  from  the  sands  just  above  that  horizon. 

I  was  able  to  devote  only  a  very  short  time  to  the  examination 
of  the  material,  but  notioed  that  the  fauna,  though  rich  in  individuals, 
was  scanty  in  species.  A  more  thorough  investigation  is,  however, 
highly  desirable,  especially  as  the  relation  of  this  fresh -water 
fauna  to  the  marine  Lower  Greensand  stands  in  great  need  of 
elucidation.  G.  W.  Lamplugh. 

Brxdlxnoton  Quay. 
November  4th,  1902. 


*  CALCRETE.' 

Sib, — **  Murder  will  out,"  whether  of  person  or  language,  and  the 
appearance  in  the  October  number  of  the  Iriah  Naturalist  of  a  new 
word  for  which  I  am  responsible  makes  requisite  an  open  confession. 
The  word  is  '  calcrete,'  applied  in  this  instance  by  a  friend  who  has 
become  accustomed  to  the  term  through  our  conversation,  and  has 
trustfully  used  it  as  a  '  good '  word  in  describing  the  shelly  drift- 
gravels  near  Dublin.  The  indiscretion  will  be  repeated,  by  my 
colleagues  as  well  as  myself,  in  the  forthcoming  new  edition  of  the 
-Geological  Survey  Memoir  on  the  neighbourhood  of  Dublin,  and 
preliminary  explanation  and  definition  seems  therefore  desirable. 
In  the  drifts  around  Dublin,  as  in  most  places  where  in  like  manner 
limestone-debris  enters  largely  into  the  composition  of  the  superficial 
deposits,  the  sand-and-gravel  beds  are  often  cemented  sporadically 
into  hard  masses  by  solution  and  redeposition  of  lime  through  the 
agency  of  infiltrating  waters.  In  order  to  indicate  this  condition 
on  the  field-maps  a  terse  expression  was  sought  to  replace  such 
long  and  awkward  circumlocutions  as  'conglomerated  gravel,' 
'  calcareous  concreted  gravel,'  etc.,  and  for  this  purpose  the 
abbreviation  '  calorete '  was  invented  and  found  adequate.  Other 
workers  under  similar  conditions  may  find  the  word  equally 
serviceable,  and  to  them  I  therefore  recommend  it. 

Moreover,  I  have  the  hardihood  to  suggest  that  the  term  might 

be  complemented  by  equivalents, — '  silorete,'  for  sporadic  masses  in 

loose  material  of  the  'grey wether'  type,  indurated  by  a  siliceous 

cement ;    and    '  ferricrete '   when    the    binding    substance    is    an 

iron  -  oxide.      I  will  grant  that  these  terms  are  etymologically 

■eomewhat  imperfect,  but  the  inconvenience  of  an  additional  syllable 

would  be  a  more  weighty  objection  where  expressive  brevity  is  of 

prime  consequence.  G.  W.  Lamplugh. 

Bridlington  Quay. 
November  Ath,  1902. 
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RADIOLARIAN  CHERTS  IN  THE  CULM. 

Sib,  —  I  wish  to  call  attention  to  a  Beview  of  the  Geological 
Survey  Memoir  on  ''The  Geology  of  the  Country  around  Exeter" 
whioh  appeared  in  your  November  number,  pp.  524-525. 

Probably  through  a  printer's  error  the  title  (Explanation  of 
Sheet  325)  has  been  rendered  "  (Explanation  of  Sheet  25)." 

Lower  Culm-measures  are  said  to  "  embraoe  a  large  extent  of  the 
Exeter  area "  dealt  with  in  this  Memoir.  As  a  matter  of  fact  the 
Lower  Culm  rocks  oooupy  a  very  small  area  on  the  south-western 
margin  of  the  map;  and,  as  far  as  I  know,  they  have  not  been 
searched  for  Radiolaria  by  my  friend  Mr.  Fox,  although  he  reoord» 
their  discovery  in  many  places  in  the  map  to  the  south  (Sheet  339). 
As  regards  being  up-to-date,  the  literature  of  the  Culm-measuTM 
would  have  shown  the  writer  the  groundlessness  of  the  charge  that 
I  have  not  acknowledged  my  friend  Mr.  Fox's  discoveries.^ 

Mbthleioh,  St.  Austbll,  Cornwall.  W.  A.  E.  USSHKE. 

November  23rrf,  1902. 


WILLIAM    GUNN,    F.G.S. 

Born  September  27,  1837.  Died  October  24,  1902. 

Mb.  William  Gunn  joined  the  staff  of  the  Geological  Survey  in 
1867  under  Murchison,  and  was  occupied  for  many  years  chiefly 
in  the  survey  of  the  Carboniferous  rocks  in  West  Yorkshire,  Durham, 
and  Northumberland.  In  1884  he  was  promoted  to  the  rank  of 
Geologist,  and  was  transferred  to  Scotland,  taking  up  work  in 
Bute,  and  proceeding  subsequently  to  the  North-West  Highlands. 
In  later  years  he  was  engaged  in  the  Survey  of  the  Isle  of  Arran, 
and  among  other  interesting  discoveries  he  found  evidence  of  a 
volcanic  vent  of  Tertiary  age  which  enclosed  fragments  of  Bhetic 
and  other  Secondary  strata,  not  previously  recognized  in  the  island. 
Mr.  Gunn  was  author  of  memoirs  published  by  the  G^logical 
Survey  on  Belford,  Holy  Island,  and  the  Fame  Islands,  on  the 
coast  south  of  Berwick-on-Tweed,  on  Norham  and  Tweedmouth,  and 
he  was  joint  author  of  memoirs  on  Wooler  and  Coldstream,  on 
Ingleborough,  and  on  Corval  in  Argyllshire. 

His  other  contributions  to  geology  related  for  the  most  part  to 
the  rocks  which  he  had  studied  in  the  course  of  his  official  work. 
He  thus  communicated  occasional  papers  to  the  Transactions  of  the 
Edinburgh  Geological  Society,  the  Berwickshire  Naturalists*  Club, 
the  Glasgow  Geological  Society,  the  Geological  Society  of  London, 
and  the  Geological  Magazine. 

All  bis  work  was  of  a  thorough  and  most  painstaking  character. 
He  enjoyed  the  active  outdoor  life  of  a  geologist,  and  continued 
to  carry  on  field-work  until  near  the  close  of  his  life,  when,  having 
attained  his  65th  year,  the  age-limit  obliged  him  to  retire  from  the 
service.  Only  last  year  he  was  promoted  to  the  rank  of  District 
Geologist. 

*  [The  Reviewer  doubtless  referred  only  to  Memoir  on  Sheet  No.  325,  in  which  the 
name  does  not  seem  to  occur. — Edit.  Geol.  Mao.] 
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